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Preface  | 


JN  preparing  this  work  the  author  has  endeavored  to  treat  such  fuels  appUc 
able  in  the  industries,  and  enable  immediate  comparison  to  be  n.»le  for 
the  selection  of  a  fuel  for  a  specific  purpose 

The  scope  of  the  subject  is  unusuaUy  broad,  and  would  require  several 
volumes  to  treat  in  anything  like  a  conclusive  manner.  In  this  volume,  however, 
the  limited  time  of  the  practical  business  man  has  been  kept  in  view,  and  the 
work  is  written  in  a  brief,  concise  mamier  to  comply  with  his  needs;  whilst  the 
scientific  investigator  wiU  find  food  for  thought  in  the  application  of  nature', 
heat  and  subsequent  conservation  for  material  use. 


Respectfully  submitted, 


THE  AUTHOR. 


J.  Stephenson, 

United  Gas  &  Fuel  Co.,  Ltd., 

Hamilton,  Ontario,  Canada, 
September,  1919. 
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•  J33  y^^^^^.  ^''"«t'»P«rt««t  epoch  in  the  history  of  the  world 
«  jTt^^  *froft;icah«.,  and  on  it  the  formation  of  coal  has  been  gn»Uy  in- 
fluenced. The  world  previous  to  this  period  is  considered  to  be  merely  a  roUing 
baU  of  solid  matter,  and  ,ts  development  to  its  present  form  has  been  brought 
about  by  the  action  of  water  and  the  firmament  influenced  by  the  sun.  ^e 
^vIa-  '^••*^*^  »»  *^'  "^^t  "^d  ultimately  commenced  cracking,  shrinking 
and  bending  and  these  convulsions  altered  the  entire  surface  and  caused  vast 
quantit,^  of  ammal  and  vegetable  matter  to  be  compressed  by  the  overlying 
strata  which  has  matured  during  the  countless  ages  and  formed  an  inexhaustible 
supply  of  valuable  fuel.  *ii»iwuoie 

The  constant  repeating  of  this  process  has  resulted  in  many  different  de- 
posits, so  that  the  oldest  are  located  at  the  greatest  depth  unless  they  were  movi 

SL  dirr  f'°^  ^-^T  •"  "*^"  •*'"''*  ^^''^  *^«*  movements  occurred  during 
the  time  of  the  formation  of  stratified  rocks,  and  there  is  evidence  which  corrobor- 

submerged  beneath  the  ocean,  and  that  sea  deposits  have  been  again  and  a^n 
raised  to  a  great  height  above  their  present  level. 

nr„liffi?*^v.  i"  "^^'erous  times  there  was  a  growth  of  vegetation  more 

?S  tn^V  fT  ^"  '^'"" '"  P""'°"  ^'"^  or  has  been  possible  since. 
The  condition  of  the  atmosphere,  soil,  heat,  and  moisture  were  exceptionaUy 

«iri  «  .i'""^T  *'°'^  "  •»  """"^^  '^»«^««  ">»*  «  topical  heat 
e«sted  ov«r  thewhole  earth ;  a  condiUon  on  which  different  theories  ^ve  be-n 
made.     It  has  been  claimed  by  some  scientists  that  the  earth  was  nearer  the  sun 

^J'lb^\  '  ?'"''^'  r  ""^'"^  "*^  ^^"  •"^'•»'*y:  -»^e  others 
daim  that  the  atmosphere  was  charged  to  a  greater  extent  with  carbon  dioxide. 

which^stimulated  the  growth  of  plants  and  served  to  retain  the  genial  warmth  ol 

and  ■fn'J!^'"'  I*'%f."°^  V^"  "'*•  '^°'^^  °'  vegetation,  the  great  convulsions 
and  upheaves  of  the  earth  were  taking  place,  which  caused  the  primeval  forests 

i^^anTL  '?  ""^^'"''^  '^"^^'''  ^""^  "»^"  «""  -'^t  Cumulations  o1 
earth  and  sediment  The  convulsions  have  been  repeated  and  caused  alternate 
elevation  and  subsidence  with  the  depositing  of  sand  and  shale  in  the  SS 
regions.     The  water  has  eventually  gravitated  to  the  lower  regions,  and  con- 

seams  is  undoubtedly  caused  by  a  repetition  of  the  process,  and  each  seam  rZ 
fl'3  TT"r'  *'r  '"'  ""'"  ^^  '*''^^"  "-"  -«»  vegetation  enaWed  Z 
Jel  able  I««'e"r  '  ?  "'''l"  '■'^"'*"'*  •""«"*  ''"""«  -»>'•=»'  the  decaying 
sarandse^Iit'^"^  "'"""'^'^'  ■""'  '"^"^'^  ^°^'«'»  '^^  accumulations^ 

The  theory  that  coal  originates  from  organic  matter  is  strengthened  by 

ferns  or  branches  may  be  found  impressed  as  fossils  on  the  roof  of  the  seam  or 
roots  of  trees  may  be  discovered  in  the  „„derclay  The  gre»t.,t  ev«e„« T;^ 
ITJ^  ^"P**"""".  and  chemical  analysis  proves  it  to  have  the  same  elements 
as  wood.  These,  however,  are  m  varying  proportions  which  has  been  caused  by 
the  changes  undergone  in  the  period  of  its  deposition.     The  process  by  ^icj 
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vegetation  has  been  transformed  into  coal,  and  the  cause  of  its  varying  qualities, 
are  subjects  of  great  importance.  It  is  obvious  that  the  thickness  of  coal  seams 
is  accounted  for  by  the  abundance  of  vegetation,  or  the  length  of  the  period 
during  which  growth  was  uninterrupted.  The  transformation  of  vegetable  mat- 
ter into  coal  has  undoubtedly  been  influenced  by  certain  agents,  of  which  the 
following  are  the  most  important: 

(1)  The  terrestrial  heat. 

(2)  The  heat  generated  in  the  decomposition  of  the  organic  matter. 

(3)  The  pressure  of  the  overlying  strata. 

(4)  The  convulsions  and  volcanic  eruptions. 

(5)  The  length  of  time  during  which  the  matter  has  been  submerged. 
The  fuels  which  have  experienced  the  least  alteration  are  peats  and  lignites. 

These  are  found  nearer  the  surface  and  contain  less  carbon  than  coal,  and  have 
lower  densities.  They  are  evidently  the  results  of  later  growth,  and  have  there- 
fore not  been  subjected  to  as  many  influences  of  the  earth  as  coal.  The  most 
important  agent  is  the  heat  of  the  earth,  which  becomes  greater  as  the  pressure 
of  the  overlying  strata  increases.  The  most  complete  form  of  coal  or  anthracites 
are  therefore  generally  found  at  greater  depths. 

It  is  obvious  that  coal  is  the  result  of  the  distillation  of  the  original  vegeUble 
matter  caused  by  terrestrial  heat  and  the  heat  generated  in  its  decomposition; 
and  that  the  final  nature  of  the  fuel  is  dependent  on  the  amount  of  hydrocarbon 
or  other  volatile  gases  which  have  escaped  during  decomposition.  This,  in  com- 
bination with  other  agents  which  have  assisted  or  retarded  the  escape  of  the 
gases,  have  been  the  means  of  influencing  the  composition  and  character  of  the 
final  product. 

The  seams  of  coal  which  have  suffered  the  greatest  metamcMphism  are  those 
overlain  by  porous  rocks  which  have  allowed  the  gases  to  escape,  and  as  the  rock 
formations  of  more  recent  times  may  be  as  porous  or  more  than  ancient  rocks,  it 
is  not  necessary  that  the  fuels  which  have  undergone  the  most  complete  distilla- 
tion are  the  oldest,  although  it  is  obvious  that  seams  which  have  been  covered 
with  impermeable  rocks  and  buried  under  vast  accumulation  for  a  greater  time 
will  have  undergone  the  greatest  changes. 

The  depositing  of  coal  seams  according  to  the  aforesaid  principles  is  known 
as  the  in  situ  theory,  and  there  is  very  strong  evidence  that  the  greater  portion  of 
coal  originated  according  to  this  theoo'  However,  there  are  some  seams  which 
do  not  appear  to  have  been  deposited  in  this  way,  and  their  origin  has  been  at- 
tributed to  the  drift  theory.  The  theory  of  coal  formation  by  drifts  is  supported 
by  many  who  contend  that  great  masses  of  decayed  vegetable  matter  were  carried 
from  vast  swamps  by  streams  of  water  into  lakes  or  estuaries.  When  the  water 
became  stagnant,  it  is  supposed  that  the  vegetation  floated  on  the  surface  and 
spread  out  uniformly  over  great  areas  until  it  finally  sank  to  the  bottom.  The 
lakes  eventually  became  filled  with  sand,  mud,  and  other  debris  washed  down  by 
the  rivers  which  covered  up  the  vegetation  and  formed  the  strata  now  found  above 
the  seams.  The  fact  that  many  bed.i  of  fireclay  are  found  without  any  sign  of 
coal  above  them,  and  also  that  seams  of  coal  are  found  without  any  fireclay  be- 
neath them  provides  some  evidence  on  the  accuracy  of  this  theory  when  it  is 
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«os.de«d  that  fireclay  «  the  result  of  the  absorption  of  lime  and  alkalies  of  the 

^l  ^r    f   f  ^"  K  °^  ^J"  P*^'""'  °^  '•'^^  ''»»''*  has  not  been  penetrated  by 

tion  and  disappear  entirely,  while  in  the  opposite  direction  their  thickness  in- 
a^  until  one  seam  becomes  two  with  many  yards  of  straU  between  them 
Th«  IS  consistent  with  the  theory  that  debris  has  been  carried  down  "to  T^e 
areas  and  deposited  according  to  their  relative  specific  gravities. 

The  so-called  Cannel  Coal,  which  is  also  considered  to  be  of  maritime  origin 

Urge  amount  of  fish  remains,  shells,  minute  Crustacea  and  mineral  ^h.     This 
coal  however.  IS  mUike  other  coals  in  these  respects,  and  the  seams  are  variable 

irs^e^S'^:;'";r.::^"------ 

In  consideration  of  the  varied  theories  and  natures  of  coal,  it  may  safelv  be 

Us"f^tlt!r'  •'  ""'r^''^  "^"•*^  ^^'^  ^'"^^^"^  »«'"-  Tpl^^S 
I  T^J^  ^  somewhat,  and  that  some  beds  are  results  o.  one  process 

whdst  other  seams  have  been  subjected  to  different  processes. 

CLASSIFICATION:  The  classification  of  coals  is  made  in  different  ways 
the  most  important  of  which  are  according  to: 

(1)  The  physical  characteristics. 

(2)  The  chemical  composition. 

(3)  The  calorific  or  heat  value. 

.„H  ^-^""V"^  ^^  dassification  has  certain  industrial  or  scientific  advantages 
and  wiU  be  referred  to  in  the  order  given.  "uvaniages, 

baseJ'uZ'ti!'  ^«^^<r^ERISTICS:  The  most  common  classification  is 
J^uTTh^  /*r'^  characteristics,  such  as  color,  density  and  structure. 
In  this  method  of  classification  the  fuels  are  divided  into  :v  c  five  classes-Wood. 
Peat.  Lignite.  Coal.  Anthracite.  ^^ 

Wood:    In  the  study  on  the  formation  of  ..oal,  it  has  been  shown  that  fuels 

The  heating  power  of  most  kinds  of  wood  is  about  the  same  per  pound,  and  is 
about  .4  of  the  value  of  the  same  weight  of  coal. 

whicTT^^lJ^H  ""liir*"'*  '''"'''"'^  ''""'  '*•''  '•'^y  °f  ^•=«*'*'''«  -natter  is  peat, 
I^l^v  f  r  "'  ^^'  *'"""""'  "■■  """^  '"'"■'y'"*  •"'^^hy  places.  It  con^st 
chiefly  o  ferns,  mosses,  rushes,  reeds,  and  other  plants  of  a  similar  nature  lu 
imposition  varies  like  other  fuels  and  has  no  doubt  been  influenced  by  t^varL 

r^^i/r  ^  ^i,*"''*'"**"  f™"  *  5  to  7.00;  oxygen  from  28.5  to  44.00 
and  nitrogen  from  0.00  up  to  2.6.     It  also  contains  a  large  amount  of  moisture' 

^unH  r  !,  °".*  ^  '"'■  ""'•  '"  '^'  ''tmosphere.  The  calorific  value  of  oS 
^t  ?s  sll'wh":,  ^u'  "  '•'T  ^'"^  ^  "^"^  •  """''^  »»"*  °f  -^'"^'''"V  dried 
rha^^ad^S^*'/"""^'"'''''''*'**^'^''' "'"*•=  "P"'"'""  of  "oi^ture. 
L  ^.inh  T  'V**  "*  '"  ™'="'""'-P«='^  purposes  owing  to  the  phosphate, 

and  sulphur  compounds  contained  in  the  ash.  ••  i^  «.iiu»ic» 
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Ugnite:  This  is  the  first  product  which  comes  under  the  heading  of  coal,  and 
is  frequently  referred  to  as  brown  coal.  It  is  chiefly  found  in  tertiary  rocks.'  Its 
composition  is  about  66  per  cent,  carbon;  5  per  cent,  hydrogen;  30  per  cent, 
oxygen;  and  it  contains  from  10  to  30  per  cent,  of  moisture.  It  has  a  woody 
structure,  breaks  easily  in  transportoUon,  and  has  the  appearance  of  having 
shrunk  but  not  compressed.  It  bums  with  a  yellow  flame,  emits  a  disagreeable 
odor,  and  has  a  heating  value  of  from  10.000  to  14.000  B.Th.U.  per  pound;  the 
latter  figure  being  obtained  only  in  bituminous  lignite,  which  is  the  most  con- 
centrated class.     Its  specific  gravity  varies  fram'  0.5  to  1.25. 

Coal :  The  different  classes  of  coal  may  be  divided  into  Gas  Coal,  Bituminous. 
Semi-Bituminous,  Anthracite.  The  relation  between  thesn  classes  is  very  gradual 
and  there  is  not  a  distinct  line  between  them.  The  lignite  referred  to  in  the  last 
paragraph  is  the  first  stege,  and  this  develops  first  to  bituminous  lignite  and  then 
to  the  non-caking  bituminous  coals.  The  gradation  then  follows  to  gas-coal, 
bituminous,  semi-bituminous  and  anthracite. 

Gas  Coal:  The  decomposition  of  all  fuels  results  in  the  formation  of  gases, 
and  are,  therefore,  technicaUy  all  gas  coals.  The  term,  however,  is  applied  to 
those  coals  which  give  off  large  quantities  of  volatile  gases  when  heated,  and  they 
may  be  divided  into  Brown  Coal,  Cannel  Coal  and  Hard  Coal.  They  are  generally 
of  a  brownish-black,  and  conchoidal  in  structure.  They  bum  freely  with  a  long 
flame,  and  may  be  either  caking  or  non-caking.  The  caking  class  is  rich  in  vola- 
tile matter,  gives  off  from  30  to  40  per  cent,  on  distillation,  and  produces  from  60 
to  70  per  cent,  of  porous  coke.  The  calorific  value  varies  from  14.000  to  17.000 
B.Th.U.  per  pound.  The  non-caking  "lass  are  nearest  in  composition  and  nature 
to  lignites,  and  when  distilled  they  leave  a  coke  which  is  fine  and  powdery. 

One  of  the  best  known  coals  used  for  the  manufacture  of  artificial  gases  is 
Cannel.  It  is  chiefly  used  in  gas  plants  for  enriching  gases  from  bituminous  or 
other  lower  grade  gas  coals,  and  is  frequently  referred  to  as  "candle  coal."  It 
differs  somewhat  from  ordinary  bituminous  coal,  is  very  compact,  dull  in  appear- 
ance, does  not  soil  the  hands,  and  breaks  with  a  smooth  conchoidal  fracture.  It 
usually  retains  its  original  stmcture  after  distillation.  The  composition  of  cannel 
is  much  the  same  as  certain  classes  of  bituminous  coal,  and  differs  only  in  physical 
characteristics  brought  about  by  unusual  conditions  in  its  formation. 

Bituminous:  The  bituminous  are  slightly  more  concentrated  than  gas  coals, 
and  contain  more  carbon  and  hydrogen  and  less  oxygen.  They  are  found  in 
both  the  caking  and  non-caking  class,  and  in  three  distinct  varieties,  namely, 
Flamint,  Clear- Burning,  Fuliginous. 

The  flaming  coals  are  the  true  caking  coals  and  are  frequently  known  as 
soft  coals.  When  these  coals  are  heated  they  lose  their  original  structure  and  fuse 
together  to  fcwm  a  spongy  mass  through  which  the  volatile  matter  escapes. 
On  burning  this  fuel  in  an  open  grate,  the  gas  is  seen  to  intermittently  spurt  out 
ta  •  narrow  tongue  of  flame,  and  is  followed  by  a  small  but  dense  stream  of  un- 
kindled  smoke.  This  class  of  coal  is  used  considerably  for  the  manufacture  of 
gr  ses  tar  commerdal  distribution. 

The  clear  burning  coals  are  very  similar  in  structure  to  gas  coals,  and  break 
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upmto  smaU  regular  lumps.  The  flame  from  these  coals  in  generally  clear  and 
shorter  than  from  gas  coals.  The  percentage  of  volatUe  matter  is  less  and  the 
amount  of  coke  produced  is  proportionately  higher.  The  clear  burning  fuels  are 
valuable  for  use  m  coke-oven  plants  where  the  amount  of  coke  produced  and  value 
thereof  is  the  first  importance. 

The  fuli^nous  or  smoky  coals  are  also  rich  in  volatile  constituents,  and 
therefore  produce  a  large  volume  of  gases.  Their  coking  properties  are  not  so 
great  as  the  flammg  coals,  and  therefore  produce-  a  poorer  grade  of  coke  TUev 
are  best  suited  for  steam  raising  or  gas  making.  The  sooty  char.acter  of  their 
name  renders  them  unsuitable  for  domestic  use. 

Semi-Bitununous:  This  class  of  coals  are  between  bituminous  and  anthracite 
and  are  usually  found  at  greater  depths  than  the  bituminous  or  gas  coals  Thev 
are  consequenUy,  more  dense  than  the  fuels  referred  to,  and  contain  more  carbon 
and  less  volatile  gases.  The  amount  of  carbon  may  be  from  80  per  cent,  up  to 
!  Jl  t"  :.  7  l^*^"^'*'  P^  >"t«  anthracite.  They  possess  a  good  black  color, 
a  .~°«*2!^;t"»ct"re,  and  are  much  harder  than  the  aforesaid  fuels.  It  bums 
with  a  short  flame  and  emits  little  smoke  when  there  is  a  full  supply  of  air  This 
fuel  ,s  used  for  all  industrial  purposes  and  is  especially  suitable  for  domestic  use. 
The  calorific  value  is  from  12.000  to  16.000  B.Th.U.  per  pound. 

o  J^"***Tu^'  '^'•i''«*»»«^°>'»t<=°»P«ete  form  of  coal,  and  consists  chiefly  of 
carbon,  and  h^  evolved  practically  all  its  volatUe  matter.  It  is  the  results  of 
^eat  geological  pressure  and  particular  conditions  of  its  deposition  and  forma- 
Uon.  t  IS  dense  Wack  in  color,  hard  and  lustrous,  and  has  apparently  been  more 
completely  mineral«ed.     It  bums  without  smoke  or  flame,  generating  inte^ 

^T  i  "  extremely  brittle  and  requires  careful  stoking  to  prevent  it  from 
falhng  to  pieces.  It  is  non-caking,  and  its  coke  residue  is  powd^  and  has  n" 
commercial  value.     Its  calorific  value  is  about  15.000  B.Th.U.  per  pound. 

in^J!'^^'^/''  ^COMPOSITION:  The  composition  of  coal  fomu  th6  most 
XTu  ^^."^'''^^^.that  It  IS  a  derivative  from  vegetable  matter,  and  a  reference 
to  the  foUowing  table,  which  is  compiled  by  Andre,  is  a  proof  of  its  gradual  de^ 
velopment  into  anthracite:  "  Braauai  ae 

TABLE  1. 
COMPgsiTION  OF  FUELS. 


SulntaiiL-c 


Wood 

Peat 

Licnite 

Cannd 

Bituminous 

ScDii-Bituminoua 
Anthracite 


Spec.  Grav. 


o.gi 

0.991 
1  25 
1  27 
I  .W 
1  37 
l.SO 


Carbon 


49  (II) 
.W  30 
73  37 
W)  .37 
8B.17 
90.00 
92.  AO 


„    .  I  0»ygen  and 

Hydrogen         Nitrogen 


8  25 
fi.52 
HAS 
S  S3 
5  21 
4  73 
3  75 


44  75 
34.18 
-■2  45 
13  80 
H  n2 
5  25 
3.75 


it  i,  Ir  ''•^''^"""'e  the  heat  v^lue  of  coal  from  its  chemical  composition, 

t  IS  firs,  necessary  to  allow  for  a  certain  amount  of  carbon  or  hydrogen  required 
to  oombine  with  the  oxygen  already  present  in  the  coal.     When  the^xy gen  ^m 
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bmes  with  the  carbon  it  produces  carbon  dioxide  CO,,  and  with  hydrogen  it  pro- 
duces water  H,0.  The  ^-duction  is  usually  made  from  the  hydrogen  which 
considerably  reduces  the  quantity  available  for  combustion  by  the  oxygen  of  the 
air.  The  formation  of  water  from  the  combustion  of  hydrogen  is  objectional  to 
a  fuel,  in  that  it  requires  a  portion  of  heat  to  drive  it  off  as  vapor.  The  propor- 
tion of  moisture  in  coal  is.  therefore,  a  very  important  factor  in  the  calculation  of 
the  heat  value.  It  is  frequenUy  referred  to  as  "water  of  hydration."  or  that  part 
of  volatile  matter  which  is  incombustible  or  inert  so  far  as  the  fuel  value  is 
concerned. 

The  heating  value  of  coal  can  be  obtained  from  its  chemical  composition  by 
Dulmg's  Formula,  and  accepted  as  being  correct  within  limits  of  less  than  5  per 
cent.,  the  deviation  from  the  true  calorific  value  varying  with  the  composition  of 
the  coal. 

The  formula  referred  to  is: 
0 
V  =  14600C -1-53.300  (H--) 
8 
in  which  V  =•  Heating  val  ae  of  coal  per  pound  in  B.Th.U's. 
C  =  percentage  of  carbon  expressed  decimally. 
H=  percentage  of  hydrogen  expressed  decimally. 
O- percentage  of  oxygen  expressed  decimally. 
Hence,   f  a  coal  has  a  composition  of  80  per  cent,  carbon,  6  per  cent,  hydrogen 
and  8  per  cent,  oxygen,  the  heat  value  per  pound  will  be  as  follows- 

.8 
14.600X.80-f-63.300    (.6—     — ) 

8 
-11680-)-2665- 14.345  B.Th.U. 

CALORIFIC  OR  HEAT  VALUE :  The  calorific  value  of  a  coal  is  undoubted- 
ly the  most  imiiortant  in  selecting  a  coal  for  a  certain  purpose,  and  whilst  an 
approximate  value  may  be  obtained  from  its  chemical  composition,  it  is  also 
dependent  to  a  certain  extent  on  its  physical  characteristics  and  behavir  when 
heated.  The  different  conditions  under  which  coal  is  burnt  must  be  considered 
m  selecting  a  coal  particularly  adaptable  to  the  purpose. 

In  the  consideration  of  a  fuel  for  domestic  use,  it  is  desirable  to  select  one 
which  bums  with  little  or  no  si..oke,  and  for  economical  use  it  should  require  as 
little  draft  as  possible.  "Tie  employment  of  anthracite  for  this  purpos.  -annot 
be  claimed  to  be  efficient  in  that  it  r-nerates  intense  local  heat,  and  is  diliicult  to 
ignite.  The  localizing  of  heat  causes  o  e  part  of  the  building  to  be  heated  too 
m  ich  at  the  expense  of  another,  whilst  the  necessity  of  a  strong  draft  to  bum  the 
fuel  causes  a  comparatively  large  portion  of  combustible  gases  to  be  lost  up  the 
chimney. 

The  selection  of  a  fuel  for  an  industrial  purpose  varies  with  the  conditions 
and,  m  many  cases,  it  would  be  more  economical  to  select  or  modify  apparatus 
in  which  It  IS  consumed  in  order  to  obtain  the  greatest  value  from  the  fuel  For 
instance,  in  the  generation  of  steam,  the  employment  of  water-tube  boilers, 
rocking  grates,  economizers,  smoke  consumers  is  an  indication  of  the  great 
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difference  in  the  qualities  of  various  coals,  and  the  nee  tyof  adapting  methods 
of  combustion  to  the  fuel  used.  The  adoption  of  spe.  apparatus  for  a  given 
purpose  is  a  subject  which  can  only  be  decided  by  the  ver  engineer  in  charge, 
and  whilst  in  some  cases  a  steam  boiler  and  engine  is  dc  .able,  't  may  safely  be 
claimed  that  by  the  employment  of  gas  engines  and  gas  produ.-ers  a  greater  pw- 
tion  of  heat  units  of  the  fuel  can  be  converted  into  p< 

The  value  of  coal  is  largely  dependent  on  the  amount  of  carbon,  hydrogen, 
and  oxygen,  and  when  used  for  steam  boilers,  a  computation  of  the  heat  units  by 
Dulong's  Formula  is  usually  sufficient.  In  the  selection  of  a  coal  for  gas  pro- 
ducers there  are  other  qualities  which  influence  its  efficiency,  and  the  foUowing 
qualities  are  usually  considereJ: 

(1)  Moisture. 

(2)  Ash. 

(3)  Sulphur. 

(4)  Combustible  Volatile  Matter. 

(5)  Coking  Properties. 

(6)  Strength  and  Hardness. 

(7)  Specific  Gravity. 

Moisture:  The  value  of  coal  is  greatly  influenced  by  its  percentage  of  moic 
ture  and  its  ability  to  absorb  or  expel  it.  The  exact  determinaUon  of  ♦'-  amount 
of  moisture  present  in  different  varieties  of  coal  is  a  difficult  matter,  as  >..me  coals 
lose  moisture  rapidly  when  broken  up,  whilst  others  .have  a  tendency  to  absorb 
It.  The  amount  of  moisture  in  commercial  coal  varies  with  ite  nature,  the  degree 
of  fineness  and  weather  conditions.  The  brown  coal  or  lignite  invari.-ibly  shows 
a  greater  proportion  of  moisture  at  the  point  of  consumption  than  at  the  seam 
and  bituminous  coal  which  has  less  than  5  per  cent,  al  the  seam  wil]  show  mo/e 
after  being  exposed  to  the  air.  and  less  when  the  ori/rfnal  moisture  is  more  than 
5  per  cent.  As  a  rule,  lump  coal  wiU  contain  less  moistur»  after  being  exposed  = 
the  an-,  whilst  fine  coal  or  slack  is  influenced  considerably  by  the  weather.  A 
car  of  slack  which  has  been  out  in  wet  weather  may  contain  as  high  as  15  to  20 
per  cent,  of  surface  or  loosely  held  moisture.  It  is  very  important  that  the 
moisture  question  should  be  carefully  considered  in  determining  the  value  of 
washed  coal,"  as  these  coals  must  necessarily  be  reduced  to  slack  before  the 
washing  IS  effective,  and  unless  they  have  been  subjected  to  a  thorough  drying  a 
considerable  loss  is  experienced  when  it  is  remembered  that  1  per  cent  of  the 
moisture  is  equal  to  20  pounds  per  ton. 

Ash:  The  ash  is  the  residue  which  results  from  the  complete  combustion  of 
coal,  and  consists  essentially  of  mineral  matter  inherent  in  the  coal  and  varying 
quantities  of  other  impurities.  Its  composition  i<i  chiefly  sUica,  oxide  of  iron 
alumina,  lime,  and  traces  of  magnesia,  potash,  sodium,  and  calcium  sulphate  in 
varying  proportions.  An  analysis  of  the  ash  from  five  different  grades  of  cool 
gave  the  following  composition: 
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TABLE  2. 
COMPOSITION    OP 

ASH 

Compound 

Grade  A 

Grade  B 

Grade  C 

Grade  D 

Grades 

Silica                       SiO. 

Alumma                  AliOi 

Fenic  Oxide            PeiOi 

Calcium  Oxide        CaO 

Magnesia                  MgO 
Potasli                     KiO 
Sodium  Oxide         NatO 

65.60 
28.40 
2.25 
1.40 
1.15 
2.30 

44.80 
22  93 
25  63 
2  75 
0.65 
0.63 
0.31 
2.30 

32.05 
8.53 

53.35 
3.43 
1.75 
0.22 
0.25 
0.42 

15.42 

6.68 
73.80 
2.07 
0.23 
0.47 

3.15 

25.40 

35.80 

21.15 

2.23 

1.17 

1.87 

Calcium  Sulphate  CaSO< 

2.33 

9.23 

The  ash  is  like  moisture  in  that  it  reduces  the  commercial  value  of  the  coal. 
Its  elimination  at  the  mine  involves  considerable  expense  in  labor,  and  at  the 
point  of  consumption  its  formation  into  huge  masses  of  clinker  is  a  serious  draw- 
back m  many  industiial  processes.  It  differs  somewhat  in  appearance  according 
to  Its  constituents  and  methods  of  combustion,  and  is  generally  seen  in  the  do- 
mestic furnace  in  white  flakes,  whilst  in  the  industries  it  is  seen  as  a  fused,  vitreous 
mass  which  is  termed  "clinker." 

The  fusibiUty  of  ash  is  dependent  chiefly  upon  tiie  chemical  composition  and 
physical  properties,  although  the  temperature  of  combustion  has  considerable 
effect  on  the  condition  of  tiie  clinker.  The  fusibUity  of  the  ignited  ash  is  dependent 
upon  the  ratio  of  the  siUca  to  Uie  bases  present,  and  upon  particular  bases  and 
the  percentage  of  alumina.  Ash  which  is  high  in  silica  and  hi;;V>  in  bases  does  not 
fuse  as  readily  as  those  approximating  uni-silicate,  althougt  ir  quently  those  up 
to  bi-sUicate  and  even  tii-sUicate  composition  are  fusible  at  temperatures  from 
1800'  to  2200"F.  By  reference  to  Table  2,  it  is  seen  that  grades  A-B  are  highly 
sUicious  and  low  in  iron  and  are  consequentiy  not  readily  fusible,  whilst  in  C-D  the 
formation  of  ferrous  silicates  will  take  place  at  a  temperature  of  about  2000°  to 
2200''F.,  respectively. 

The  percentage  of  ash  in  any  one  particular  grade  of  coal  is  so  variable  that 
It  IS  almost  impossible  to  make  a  definite  specification,  and  it  may  occasionaUy  be 
as  low  as  one  per  cent,  in  clean  lumps  of  coal  and  as  high  as  25  per  cent,  in  slacks. 
In  good  classes  of  coal  it  is  usuaUy  in  the  region  of  6  per  cent.,  and  from  10  to  15 
per  cent,  in  slack  coals. 

Sulphur:  The  presence  of  sulphur  in  coal  is  a  disadvantage  for  practically  all 
purposes.  In  tiie  manufacture  of  gas,  tiie  volatile  sulphur  wiU  produce  hydrogen 
sulphide  H:S,  which  is  an  impurity  which  must  be  removed  before  distribution 
owing  to  its  poisonous  nature  and  disagreeable  odor.  The  sulphur  content  which 
remmns  in  the  coke  is  also  objectionable,  owing  to  its  tendency  to  produce  sul- 
phuric acid,  which  is  a  corrosive. 

It  chiefly  occurs  in  coal  in  the  form  of  iron  pyrites  FeSt,  when  it  appears  in 
yellow  or  brassy  partings;  as  an  organic  compound  with  carbon  and  hydrogen; 
and  as  sulphate  of  lime  and  alumina.  The  heating  value  of  sulphur  varies  some- 
what according  to  its  combining  elements,  and  may  either  evolve  heat  or  absorb 
it.  .he  unojri-'fzed  sulphur  will  on  combustion  be  burned  to  SOi  with  the  evolu- 
tir  jf  heat;  whilst  when  it  combines  with  iron  or  calcium  it  has  no  heat  value, 
aud  the  decomposition  of  the  sulphates  absorbs  heat.     The  balance  of  heat 
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obtained  is,  therefore,  comparatively  small  and  the  sulphur  dioxide  formed  com- 
bines  with  water  on  cooling  in  the  flues  and  forms  sulphurous  add,  which 
on  further  oxidation,  is  converted  to  sulphuric  add. 

The  amount  of  FeS,.  which  is  the  chief  sulphur  compound,  has  considerable 
influence  on  the  formation  of  dinker,  and  the  oxide  of  iron  produced  by  combus- 
tion combines  with  the  other  constituents  of  the  coal  which  are  usually  highly 
silicious  and  readily  produce  fusible  silicates  or  dinkers. 

COMBUSTIBLE  VOLATILE  MATTER :  The  percentage  of  volatile  com- 
bustible  IS  one  of  the  diief  factors  in  the  adaptability  of  a  coal  for  an  industrial 
purpose.  In  the  manufacture  of  gas  the  value  of  coal  is  increased  as  the  volatile 
constituents  increase;  whilst  for  domestic  use,  a  coal  with  more  carbon  and  less 
hydrocarbons  can  be  more  completdy  burned  and  is,  therefore,  more  economical 
For  general  use  the  advantages  and  disadvantages  of  a  coal  high  in  volatile  com- 
bustible may  be  determined  when  the  foUowing  facte  are  considered : 

(1)  That  when  a  la  ge  percentage  of  volatile  combustible  is  present,  the 
coal  easily  ignites  and  bur^  i  with  a  long  flame. 

(2)  That  the  surface  temperature  of  a  red-hot  fire  is  temporarUy  lowered 
when  coal  is  added,  by  the  absorption  of  heat  required  to  drive  off  the  volatile 
matter. 

(3)  That  the  hydrogen  produces  moisture  on  combustion,  and  that  moisture 
has  a  tendency  to  prevent  complete  combustion  of  carbon  by  keeping  the  tem- 
perature below  the  ignition  point. 

(4)  That  a  temperature  slightly  below  the  ignition  point  wUl  liberate 
bodies  which  are  rich  in  carbon  and  cause  them  to  pass  of  as  smoke. 

(5)  That  the  rate  of  distillation  of  hydrocarbons  is  considerably  greater 
than  the  oxidation  of  the  carbon  residue,  which  causes  an  insuffident  supply  of 
air  for  combustion  at  one  stage  of  the  decomposition  or  a  considerable  excess  at 
another. 

From  the  above  condusions  it  is  evident  that  whilst  volatile  combustible  is 
capable  of  giving  off  the  greatest  amount  of  heat,  the  n^cthods  at  which  it  must  be 
fed  to  a  fire  prevent  complete  combustion,  with  the  result  that  a  considerable  loss 
IS  experienced. 

It  is  seen  from  Table  1,  page  8,  that  the  percentage  of  carbon  increases  as 
the  metamorphism  of  the  vegetable  matter  becomes  more  complete,  and  simul- 
tanecus  with  this,  the  percentage  of  hydrogen  and  oxygen  decreases.  The  coals 
high  in  carbon  are  the  most  valuable  for  general  use,  and  the  writer  believes  that 
the  less  concentrated  coal  will  in  future  be  subjected  more  to  artifidal  means  of 
ductlve"^         ""'"^"^  """^^^  ^^'^^  '*  *"*"  ^  recovered  and  rendered  more  pro- 

fl  ?^^J^u  PROPERTIES:  The  coking  properties  of  coal  are  greaUy  in- 
fluenced by  the  percentage  of  available  hydrogen  or  hydrogen  that  has  not  taken 
up  oxygen.  The  first  stages  of  coal  such  as  lignite  or  peat  contain  a  large  amount 
of  oxygen,  which  combines  with  the  hydrogen  when  the  temperature  of  the  fud 
is  raised,  and  reduces  the  amount  available  for  entering  into  combination  with 
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carbon.  These  coals  are.  therefore,  non-caldng.  As  the  coal  becomes  more 
concentrated,  as  m  the  Cannel  or  Bituminous  classes,  the  percentage  of  oxygen 
becomes  less  and  the  avaUable  hydrogen  greater.  When  these  coals  are  h^tod 
ma  dosed  retort  or  open  grate  they  lose  their  original  structure  and  cake  together 
mto  a  new  f«m.  As  the  coal  becomes  more  concentrated  to  SEMI-Bituminous 
or  Anthracite.it  contains  more  carbon  and  less  hydrogen,  and  coincident  with  this 
change  it  loses  its  coking  properties. 

STRENGTH  and  HARDNESS:  The  strength  and  hardness  of  a  coal  is  an 
important  factor,  and  on  it  the  proportion  of  slack  produced  in  transporUtion 
depends  Coal  that  is  easily  broken  is  of  litUe  value  in  many  industries,  particu- 
larly in  blast  furnace  practice  where  a  great  pressure  is  brought  down  upon  it.  as 
Its  disintegration  to  dust  obstructs  the  path  of  air  for  combustion.  The  breaking 
up  of  coal  into  small  particles  exposes  a  greater  surface  to  the  atmosphere  with  the 
result  that  the  percentage  of  moisture  is  considerably  increased,  and  the  coal  is 
more  hable  to  spontaneous  combustion  or  oxidation.  The  latter  results  in  the 
loss  of  some  volatile  gases  which  lower  the  value  of  the  fuel  for  gas  manufacture 
but  the  retort  process  has  the  advantage  of  coking  such  coals  and  rendering  more 
useful  m  the  industries. 

SPECIFIC  GRAVITY:  The  gravity  of  coal  increases  as  its  development 
becomes  more  complete,  as  wiU  be  seen  from  Table  1.  There  U  little  or  no  rela- 
tion between  the  gravity  of  coal  and  its  composiUon  and  character,  but  a  know- 
ledge of  the  gravity  is  of  some  value  in  computing  the  approximate  weight  of  coal 
in  a  car  or  storage  hopper  from  the  cubical  capacity. 
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GEOLOGICAL  SURVEY:  Thepr  ence  of  natural  gas  has  been  known  for 
many  centunes  in  British  India  and  other  parts  of  the  Orient,  although  it  was  not 
put  to  commercial  use  untU  1872.  In  the  far^ast  it  appeared  as  leakage  from 
the  gas-btanng  strata  through  crevices  in  the  ground,  and  was  worshipped  by  the 
natives  as  a  "fire  god." 

The  first  discovery  of  natural  gas  by  drilUng  occurred  in  U.  S.  A.  by  the  dril- 
Img  of  wells  for  salt  in  Ohio  and  West  Virginia  in  the  early  part  of  the  nineteenth 
century.  It  was  not,  however,  until  1872  distributed  for  domestic  use  This 
occurred  at  TitusviUe,  Penn.,  which  received  gas  from  Newton,  about  10  miles 
north,  on  a  2-inch  line. 

The  origin  of  natural  gas  is  a  subject  on  which  many  theories  have  been  put 
forward,  and  whilst  no  one  theory  is  conclusive,  each  may  claim  to  be  in  a  certain 
measure  correct,  and  it  is  generaUy  believed  that  the  various  reservoirs  are  not  of 
a  single  origin.  Natural  gas  has  been  found  in  various  parts  of  the  world  under 
practically  every  climatic  condition.  It  is  frequently  associated  with  oil,  which 
IS  the  product  of  natural  gas  caused  by  the  pressure  and  confinement  of  the  gases 

/l*^''*^''*'     """^  "*^*  TdiMe  theories  may  be  classified  as  (1)  The  Organic- 
(2)  The  Inorganic. 

The  organic  theories  appear  to  have  the  strongest  claims  and  are  generally 
accepted  as  being  the  most  reasonable.  The  most  important  of  these  is  the  sea- 
weed and  dtatom  theories,  which  claim  that  natural  gas  and  crude  oil  are  the  results 
of  the  decomposition  of  marine  pUnts  and  diatomaceous  shales  in  the  same  man- 
ner that  coal  is  the  decomposition  of  land  plants.  The  land  theory  is  somewhat 
similar  and  claims  that  it  results  from  vegetable  matter  found  in  swamps,  ma.^hes 
and  lake  beds,  and  is  associated  with  the  formation  of  coal.  The  presence  of 
coal  in  many  gas  and  oil  fields  supports  this  view,  and  also  the  fact  that  the  distil- 
lation of  bituminous  coals  will  yield  hydrocarbons  similar  to  those  found  in  crude 
oil. 

The  inorganic  theories  may  be  divided  into  the  carbide  or  hot-water  theory 
and  the  volcanic  theory.  In  the  first  of  these  it  is  assumed  that  under  certain 
conditions  of  pressure  and  temperature,  carbon  is  caused  to  combine  with  calcium 
u-on,  and  other  metals,  and  form  carbides,  which  when  subjected  to  the  action  of 
hot  water  brought  into  contact  with  them  by  sudden  movements  of  the  earth  are 
caused  to  generate  hydrocarbons  of  varying  composition.  The  volcanic  theory 
isstrongly  advocated  by  many  investigators,  in  which  conclusive  proof  is  claimed. 
One  of  the  most  interesting  papers  of  recent  times  on  this  subject  is  written  by 
Eugene  Coste,  E.M.,  Toronto,  Ont.,  and  published  by  Canadian  Mining  In- 
stitute, Vol.  6,  1903,  from  which  two  important  paragraphs  are  reprinted: 

m».t  iof  hiit^'**7'"!u  '"J""'  'i?''''"''  "  *''*  fundamental  element  of  the  organic  world  but  this 
Tnd^tb^ofjnn^LT  'T  'k"  ^"^r  "  »'^  "•  ™P<>"«nt  element  in  the  mineral  world 
Sn^iWv  be  aTdC??H%o  H?±!.".'"  ."".  "gxnic  world  is  one  of  the  strongest  evidences  thit 
n«  i^Ih.  »•  '"'P"'^*''.«°.  demonstrate  its  great  imporUnce.  during  past  as  well  as  oresent 
h5^'  iviHen,?  "'.r^'**  (""'"d'nK  »'  «>""e  the  atmiwphere)  for  veietables  and  anima?s^ke 
h^m  fhi  m^J, J  "i°  "";"  ™'«  \o  draw  from.  When  one  reflects  on  all  the  carbon  subtracted 
wSriH  4^  »"'  ""■^''J  during  the  past  geological  ages  by  all  the  representaUvM  of  the  organ^ 
Sflh;.^?^.  "I ''"**.""!. '^Sinning  of  the  Carboniferous,  to  form  not  only  the  roal  bed,  bJt 
the  limestones,  he  must  admit  that  primitive  atmosphere  was  very  rich  in  caibon 

m.imIo^7he'««h' JSTl'"**  °'  .'':■'  •'»"*"*  ""'♦  ^"'  •««»  diasolved  in  the  first  Buid  of 
tte'Sist  of  the  earih."         *    ^'""'t't'"  "f  ««  must  sUU  eilst  in  the  Said  magna  of  to-day  under 
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on*,  now  proved  ud  .dmiued.  (Sit  .rS5tiv«  iiSTn..  .^  h^t^Sl^ ."*•"■••■.  '^"'  «  '>«•«" 
more  or  Ics.  aoublc  •dmlitture  ™w,t™  nwUSIS  ?o  ?il.i«^  "I:£!?C"'''  """•'y:  «»"»«»»  th. 

bon  and  hydranrboa  in  the  iSneout  wk,  ^JS  .ndTSf.I^..i,S°'"'  '"  »°  «»"«"y  "how  the  ear- 
fluid  nuniaa     Thnf  rrnlnnTri.^i^  .^  k  °    7        ,    *">»•'»'><»•  proceedinK  from  thcie  iatemal 

.^^ILX  ^1.«,"  .^SJoTLrth-er^^rttri^- !^™H^^-ffi  ;„-;i-.i.? 

««o2rS;'d^ll^7d\n*cruTv?':,?'|*S,rrbSd^^^  -••  other  er„ptiv.  rock., 

t^nin??a7Mt:tur;*1^Ti^«„rd'."irra![i.re,r^^^^^^^  ""'f."'-'  »"21«  "««  ««■ 
the  deposits  of  these  precious  stones  *"  '"  "•"»••«"««  •"  South  Africa 

day.  'no'  ir.« ""."r-'^'lSfc-SX'  c"v1lf^'°:)^ff'i;''  rZ":^  manifestations  of  to- 
report  that  an  explosion  of  Mount  Pe'&  had  iriJ«^^,.!^^  7"'  »'?"'*•'  ""^  horrified  at  the 
of  the  City  of  St.  Pierre  M™"nim,e  iVl'nd  ^rom  ?h.  l^  minutes  the  entire  population 
published,  it  is  quite  evident  that  a  feariuTbia.t  or  .ri^nH^.""*"  °'  '5'  "tastropfie  then 
side  of  the  volcsfno,  asphyxiating  and  burnVn,  in  1  m„i?J?,  -fn  ,°J>„''"'*%™'<l"'"y  »hot  from  the 
mit,  but  gas  would  cai?y  death  ^"uddenwlo  so  nT.nT?L  '  5'  '""P',''  Nothing  else.  I  ,ub- 
their  houses,  over  a  whole  cUy  That  thJi  rases  wer^'^JoJ?V^""''.  'i™^'''  '"'*'''  »"''  °"^'"^'  <^ 
able  gases  (wMch  could  be  miinly  nothtaT^eS  but  hvH^^VhL.^"  pS"'  *r*l'"'*  ^''"y  inl'mm- 
the  accounts  of  the  very  few  survivors  hydrocarbons)  has  also  been  mide  clear  by 

In  View  Of  the  aforesaid  theories,  the  writer  is  of  the  opinion  that  natural 

Z IJ"!^  ""  Tt  ^'""'  T^ '""  '°™'"''"  "=*"  '^'^"""^'l '"  •"«-"  the  same  man- 
ner as  coal,  and  has  been  subjected  to  various  influences  of  the  earth.     However 

^ltT7^       "'  ^*^^"""''''**''"  '"t°  commercial  deposits  has  been  developed  with 
remarlcable  success. 


tAf 
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h.enl  H  .r  rfT^°r'"''  f  ^^'  ^"''  °"  ''""*"8  ^^Sions  has  undoubtedly 
been  made  tn  the  United  States  of  America,  and  in  the  majority  of  cases  the  strati 
are  sandstone  of  vanous  geolo^cal  formation  in  the  shape  of  several  distinct 
layers.     From  the  observations  of  various  experts,  the  following  facts  are  rec^^ 
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(1 )  That  oil  coUet     in  an  anticlinai  strata  at  the  highest  pmt  of  the  fold. 

(2)  That  the  low.  .t  part  or  syncline  of  the  same  strata,  a  deposit  of  water 
will  always  be  found. 

(3)  That  the  deposits  occur  in  sedimentary  rocks,  shales,  sandstones  and 
bmestones. 

(4)  That  at  the  uppermost  part  of  the  strata,  natural  gas  will  always  be 
found. 

The  above  conclusions  will  be  best  understood  by  reference  to  Fig.  1,  in  which 
o  and  6  are  the  anticlines  of  the  strata  c,  and  the  point  at  which  oil  will  be  found- 
whilst  d  IS  the  syncline  of  the  same  strata  from  which  a  deposit  of  water  wUl 
always  be  found. 

GAS  WELLS:  The  extraction  of  natural  gas  and  crude  oU  from  ito  deposits 
IS  met  w   h  di'   culties  of  various  degrees  according  to  the  location  of  the  deposit 
In  different  parts  of  the  Orient  oil  is  known  to  have  been  coUected  in  shallow 
wells  dug  by  hand,  but  the  general  procedure  entails  the  drilling  of  wells  which 
may  be  as  deep  as  7,000  feet  or  more. 

The  first  step  preceding  the  drilling  of  wells  is  to  obtain  a  lease  on  theland, 
which  may  be  made  on  a  straight  yearly  rental  as  in  the  case  of  real  property 
or  on  a  basis  of  a  specified  amount  for  each  well  drilled  in  which  gas  in  paying 
quantities  is  found.     The  latter  agreement  is  the  most  common. 

The  lease  usually  has  reference  also  to  the  quantities  of  oil  produced.  The 
land  owner  generally  receives  from  one-eighth  to  one-sixteenth  of  the  total  value 
of  oil  produced  during  the  life  of  the  well,  whilst  the  op  rator  is  given  an  exclusive 
nght  to  drill  and  a  right  of  way  for  pipe  line  across  the  land. 

DRILLING:  It  frequently  happens  that  the  operator  does  not  undertake 
the  dnlling,  and  when  such  is  let  to  a  contractor,  the  agreement  is  hased  upon  a 
price  per  foot  of  completed  hole.  In  locating  a  well  it  is  first  necessary  to  give 
some  consideration  to  a  supply  of  water  for  steam  raising,  and  also  t  -  location 
of  the  boiler  on  the  windward  of  the  derrick  with  reference  to  preva:  iig  winds 
If  the  geological  .survey  forecast  a  large  flow  of  gas  the  boiler  should  be  located 
some  distance  from  the  derrick  for  safety. 

The  derricks  used  for  drilling  gas  wells  are  divided  into  two  general  classes- 
(1)  The  otaudard,  (2)  The  Portable.  The  portable  rig  is  generally  employed 
for  drilling  up  to  1,000  feet,  after  which  it  =-  necessary  co  use  permanent  or 
standard  ngs.  The  latter  are  divided  into  the  cabletool  system  or  the  hydraulic 
rotary  system  according  to  geological  condition 

The  standard  derrick  may  bt  of  steel  or  wood,  the  latter  of  which  may  be 
either  bolted  or  nailed.  The  wood  are  more  commonly  employed  owing  to  the 
greater  ease  at  which  they  can  be  removed  or  repaired.  The  bolted  derrick  is  to 
be  prefeired  to  the  nailed  derrick  as  it  can  be  taken  down  and  rebuilt  with  less 
breakage,  although  its  initial  cost  is  slightly  greater.  For  temporary  employment 
where  a  gas  well  is  drilled  for  private  use,  the  nailed  derrick  is  satisfactory.  The 
height  of  a  standard  rig  is  from  74  to  84  feet. 
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The  depth  of  wdls  vary  from  200  to  7,000  feet  or  more  according  to  the 
geological  survey,  and  the  diameter  of  the  holes  varies  accordingly.  A  deep  weU 
usually  starts  with  a  10  to  14  inch  hole  and  finishes  with  a  hole  from  4  1/JiIS 
up.  As  the  didling  proceeds,  a  drive  or  conductor  pipe  is  placed  in  the  hole  to 
prevent  caving  m  and  may  be  either  iron  or  wood.  The  iron  pipe  is  necessa^ 
for  deep  weUs  whilst  the  wood  conductor  may  be  satisfactorily  employed^S 
low  wells,  and  is  cheaper  than  the  former.     The  hole  is  reduced  in  size  as  tte 

tll^  wenTif'  T?  'f "^*;°"  '^•"'^  """"=  ""'^  *^'  "''^"«  »  P"t  *«.  ''fter  which 
the  well  IS  allowed  to  stand  for  a  short  time  todetermine  whether  the  hole  has  been 

cased  dry.     The  dnve  pipe  and  casing  used  is  of  special  size  so  that  one  fits  inside 

another  with  a  dose  Joint.     For  instance,  if  the  hole  is  started  at  14  inches,  the 

of  13  31/32  inch.  If  a  9  6/8  inch  casing  is  put  in  this  at  first,  the  next  reduc- 
tion will  be  to  8  1/4  inch,  the  couplings  of  which  are  9.312  inches  on  the  outside 
and  fit  into  the  first  casing.  -vaiuc 

TABLE  3. 
DIMENSIONS  OF  DRIVE  AND  CASING  PIPE. 


DRIVE  PIPE. 

Size  of 
Pipe 

Diam.  Outside            Weight  per 
Inches                  Foot  Pounds 

Threads 
per  Inch 

Outside  Diam. 
of  Ccuplings 

3 
4 
6 
8 
10 
12 

3  437                           7  54 
•»  460                         10,66 
•'332                         18.76 
N  687                         28  IS 
10.719                         40  00 
12.750          j           Vim 

8 
8 
8 
8 
8 
8 

4  125 
5.250 
7  500 
9,504 
11.960 
13.960 

■i 

3.2.'iO 

3  500 
.1.750 
4.000 
4.250 

4  500 

4  7.50 
5.000 
5.187 

5  625 
H  250 
fl  626 
7  ZW 

7  625 
S  250 

8  625 
0.625 


CASING. 


3.350 
3.500 

3  Tim 

4.000 
4.250 
4.500 
4.750 
5  (100 
.'■250 

5  300 

•i.ono 

6  62,'5 

7  000 

7  625 
8.000 

8  625 
»  (ITHI 

10  fXH) 


3  960 
4.2WI 
4.(«0 
5.470 
5.850 
6.000 
6,550 


7 

8 

8, 

10, 

11 


.580 
000 
.400 
.160 
-.  ,500 
12. 4.% 
13  500 
15  000 
10  000 
17  500 
21  000 


14 

3  781 

14 

4  000 

14 

4.350 

14 

4.625 

14 

4.687 

14 

4,937 

14 

5.218 

14 

5,562 

14 

5  781 

14 

6  062 

14 

6  062 

14 

7  125 

14 

7,687 

14 

8,220 

11.5 

8,625 

11.5 

9  312 

115 

n  750 

11.5 

10  813 

In  additional  to  the  above  there  are  several  irriiHM  of  t.i.»  „t  .u 
material  is  h«.v,er,  and  is  specially  emjloy^d  f«  hf,h7?e^ures^     '  ""  """  '""  '"  ""'"•  *'» 

SHOOTING:  The  object  of  shooting  a  well  is  to  fracture  the  gas-bearing 
rock  and  allow  the  gas  to  pass  more  freely  through  the  sand  to  the  well  proper 
The  process  o  shooting  consists  of  exploding  a  charge  of  nitroglycerin  in  the 
well  on  a  level  with  the  gas  vein,  and  it  is  necessary  that  the  operator  be  well 
versed  as  to  the  character  of  th<.  «i„c  before  shooUng,  =s  an  incorrect  explosion 
IS  liable  to  do  serious  injury  to  the  well. 
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At  the  time  of  driUing  it  is  necessary  to  take  a  complete  and  accurate  record 
of  the  depth  and  nature  of  known  sands  and  formations,  and  the  depth  at  which 
oil,  gas  or  water  is  encountered.  With  this  information  a  skilled  operator  can 
advantageously  shoot  a  well.  If  the  sand  is  hard,  and  the  well  has  a  capacity 
under  1,000,000  cubic  feet  per  day,  a  shot  of  80  quarts  of  nitroglycerin  would  be 
correct,  whilst  a  soft  sand  with  the  same  capacity  would  require  only  about  40 
quarts.  In  wells  with  a  flow  capacity  of  more  than  one  million  cubic  feet  per 
day  It  IS  not  advisable  to  shoot,  owing  to  the  danger  of  lowering  the  sheU  into  the 
well.  The  necessity  of  careful  handling  of  the  charge  of  nitroglycerin  is  apparent 
when  Its  nature  and  properties  are  considered. 

The  composition  of  nUroglycerin  is  C,H>  ( No. ,),,  and  it  is  produced  by  the 
action  of  a  mixture  of  sulphuric  and  nitric  acids  on  glycerol.  It  is  a  heavy  oily 
and  nearly  colorless  liquid  with  a  specific  gravity  of  1.6.  It  possesses  the  charac- 
tenstic  sweet  taste  of  glycerine,  but  is  dangerously  poisonous  when  taken  intern- 
ally. It  IS  thirteen  times  as  powerful  as  gunpowder,  volume  for  volume,  and  pro- 
!"^.l°'"'*^*"  thousand  times  its  own  volume  of  gas  by  detonation.  It  freeres 
at  60  F..  and  must  be  thawed  before  lowering  into  the  well  for  shooting  It  is 
harmless  when  gently  heated,  and  is  thawed  to  a  liquid  by  placing  on  a  hot  plate 
The  compound  is  occasionally  used  in  solid  form,  in  which  it  is  changed  to  a  gela- 
tinous substance  having  a  consistency  resembling  putty  or  soft  rubber.  In  this 
form  It  IS  slightly  more  powerful  than  the  liquid.  In  the  liquid  form  it  is  shipped 
m  10-quart  cans,  whilst  the  solid  is  put  up  in  sticks  wrapped  in  paper,  and  shipped 
m  small  boxes.  The  solid  foim  is  safer  to  handle  than  the  liquid  and  requiTes 
less  care  in  transportation,  but  is  not  so  easily  exploded  in  the  well. 

The  shell  or  torpedo  into  which  the  explosive  is  charged  consists  of  a  tube  a 
few  mchesin  diameter  according  to  the  size  of  the  well,  and  from  2  to  10  feet  in 
length.  The  shells  are  anchored  to  each  other  by  means  of  a  small  tin  tube 
soldered  on  to  the  point,  and  adapted  to  lit  over  the  shell  below.  The  top  shell 
carries  a  firing  head  under  which  is  placed  a  percussion  cap. 

When  using  liquid  nitroglycerin,  the  explosion  is  made  by  a  three  edged 
elongated  piece  of  cast  iron  pointed  at  the  end  and  known  as  the  "go  devil  "  The 
go^evil  weighs  about  20  pounds,  and  it  is  essential  that  the  material  is  cast  iron 
so  that  It  IS  entirely  broken  up  after  explosion.  With  the  solid  product  it  is  neces- 
sary to  use  a  squib  of  dynamite  which  is  exploded  by  a  fu.sc.  The  dynamite  is 
placed  in  a  small  tin  tube  pointed  at  one  end  along  with  a  fuse  and  percussion 
cap  The  fuse  IS  long  enough  so  that  the  explosion  will  not  take  place  before 
reaching  the  shells  in  the  well. 

After  the  shot  has  been  made,  the  well  is  allowed  to  stand  overnight  to  allow 
caving  in  of  the  sand  loosened  up  after  which  the  well  is  baled  out  until  the 
measuring  line  can  be  run  to  the  original  depth. 

TUBING :  The  tubing  which  is  used  to  conduct  the  gas  from  the  well  is  made 
of  extra  heavy  p.,M?  capable  of  resisting  high  pressures,  and  is  used  in  sizes  from 
i  to  6  inches  according  to  the  flow  capacity  of  the  well.  The  tubing  is  anchored 
to  the  casuiK  by  clamps.  On  the  bottom  of  the  fir?t  joint  of  tubing  that  is  led 
into  the  well,  a  wall  packer  is  connected  to  prevent  the  escape  of  gas.  The  disc- 
wall-pKkcr  conr-sts  of  a  device  with  tubing  connection  at  the  top  and  a  set  of 
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jaws  working  over  a  cone  and  held  in  place  by  a  spring  and  cast  iron  disc  When 
the  packer  reaches  the  location  in  the  weU  at  which  it  is  desirous  to  set  it,  a  short 
piece  of  3/4  inch  pipe  is  dropped  through  the  tubing  which  breaks  the  disc  and 
releases  the  spring  and  jaws.  The  packer  will  then  support  the  tubing  and  the 
anchorage  at  the  surface  can  be  made  secure.  The  first  connection  above  the 
packer  should  be  made  short,  and  with  a  right  and  left  hand  thread  so  that  if  it  is 
desirous  f:-  dl  out  the  tubing  and  the  packer  is  stuck,  the  whole  tubing  can  be 
turned  on        left  hand  thread  and  released  from  the  packer. 

REMOVING  WATER:  In  the  center  of  the  tubing  a  3/4  inch  siphon  i. 
hung,  and  extends  to  within  one  foot  of  the  bottom  of  the  weU.  The  siphon  is 
plugged  at  the  bottom,  and  the  length  of  piping  opposite  the  gas  sand  is  perforated 

*T      Vt^f  ^'^  '""'  '"^^  ^""^      ^"^^  t**^  'I'^Pt*'  °f  the  well  is  less 

than  1,500  feet,  or  when  the  gas  pressure  is  very  high,  the  water  can  be  blown  out. 
whilst  in  deep  weUs  ,t  has  to  be  pumped.  When  the  pumping  is  necessary,  the 
3/4  inch  suction  pipe  has  to  be  strengthened  at  every  second  or  third  joint  with 
a  cast  iron  spider  which  slips  over  the  pipe  but  not  over  the  coupling  This  pre- 
vents the  pipe  for  weaving  while  pumping.  The  methods  and  power  employed 
for  pumping  vanes  somewhat  accprding  to  different  conditions.  In  deep  wells  in 
isolated  districts,  n  special  designed  pump  is  eir.pJoyed  in  which  a  horse  is  used 
to  supply  the  necessary  power,  whilst  in  wells  up  to  2,500  feet  a  pumping  head  is 
clamped  to  the  tubing  and  operated  by  air.  gas,  steam  accordingly. 

At  a  short  distance  from  the  top  of  the  well,  a  drip  or  receptacle  for  water  is 
located  into  which  the  water  can  be  periodically  blown  off.  The  drip  is  located 
below  the  frost  line,  and  the  head  and  tail  is  of  indefinite  length  according  to  the 
amount  of  water  the  weU  is  producing. 

A  view  of  a  completed  gas  well  is  shown  in  Fig.  2,  in  which  the  represenU- 
Uons  are  D  drive  pipe.  Ceasing,  T  tubing,  5  siphon,  B  blow-off,    L  clamp,  and 

CLOSING  A  WELL:  The  operation  of  closing  a  well  by  a  gate  valve  pre- 
vious to  connecting  to  the  main  line  is  occasionally  a  difficult  matter  When 
the  gas  vein  is  penetrated  by  the  drill,  the  gas  is  released  and  often  issues  from 
iir^  ^,Z'''  h.gh  pressure  and  ignites.  If  the  anticipated  flow  is  greater 
than  35,000.000  cubic  feet  per  day.  and  the  conditions  are  favorable  for  using 
the  casing  as  the  gas  conductor,  a  gate  valve  is  put  on  just  before  drilling  into  the 
gas  vein,  after  which  it  is  neces.sary  to  reduce  the  size  of  the  hole.  In  small  wells 
the  gate  can  be  frequently  put  on  with  little  difficulty  by  leaving  it  open  until  the 
joint  IS  made. 

TESTING  THE  CAPACITY  OF  WELLS:  The  open  flow  capacity  of  gas 
weUs  IS  the  rate  of  flow  at  which  the  gas  is  discharged  from  the  well  at  atmospheric 
pressure.  This  rate  is  considerably  greater  than  the  flow  under  pre«ure  which 
IS  the  correct  available  capacity  for  distribution  for  industrial  purposes.   ' 

.  .  "The  «<»t  P"<^tical  method  of  obtaining  the  flow  is  by  the  minute  pressure 
test^  This  IS  done  by  first  blowing  off  the  well  for  at  least  three  hours  previous 
to  the  test,  and  taking  the  gauge  pre«ure  at  the  end  of  one  minute  after  the  well 
has  been  quickly  closed  in.    From  the  pressure  observation  the  capacity  is  com. 
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puted  from  the  size  of  tubing,  depth  of  well,  and  a  series  of  multipliers  computed 
to  normal  conditions  of  specific  gravity  and  temperature  of  the  gas. 


Piiure  2 

The  Table  4  shows  the  multipliers  used  up  to  300  pounds  pressure  per  square 
mch,  which,  when  computed  with  the  formula  below  for  capacity  of  tubing,  will 
give  the  approximate  distributing  capacity: 

(D2X.7864)  TX12 
C — 


in  which: 


172S 

C  -capacity  of  well  tubing,  in  cubic  feet. 
D  >  diameter  of  tubing  in  inches, 
T -depth  of  welMn  feet. 
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For  instance,  if  the  tubing  used  is  3  inch,  and  the  depth  is  2,000  feet,  the  capacity 


(32X7854)2000X12 

^" =98.20  cu.  ft. 

1728 

If  the  gaugeshows  a  pressure  of  150  pounds  at  the  one  minute  test,  the  multi- 

X  10.221 -1003.7  cubic  feet  per  minute,  or  60.282  cubic  feet  per  hour. 

TABLE  4. 
MULTIPLIERS  FOR  GAS  WELL  TESTING. 


Gauge  Pressure 

Multiplier 

in  pounds 

one  minute 

2 

.109 

3 

.187 

4 

.256 

5 

.324 

6 

.392 

7 

.460 

8 

.829 

9 

.597 

Gauge  Pressure 
in  pounds 


10 
11 
12 
13 
14 
15 

le 

17 
18 
19 
20 
21 
22 
23 
24 
23 
28 
27 
2S 
29 
30 


.665 

.733 

.802 

.870 

.938 

1.006 

1.075 

1.143 

1.211 

1.279 

1.348 

1.418 

1.484 

1.552 

1.621 

1.689 

1  757 

1.825 

1.894 

1.962 

2.030 


35 
40 
45 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 


Multiplier 
one  minute 


2.372 
2.713 
3.054 
3.395 
4.078 
4.761 
5.443 
6.126 
6.808 
7. 491 
8.174 
8.856 
9.539 
10.221 

10  901 

11  587 

12  269 

12  952 

13  624 
14.317 
15  000 
15  682 
IH1365 
17  040 
17  738 
18.412 
19  098 
19  778 
20.460 


MEASUREMENT  IN  PIPE  LINE:  The  flow  capacity  of  natural  gas  is 
measured  on  a  bas.s  different  from  artificial  gases  owing  to  the  different  composi- 
tion and  pressures  at  which  it  is  measured.  In  the  manufacture  of  artifidal 
gases  the  pressure  at  the  meter  is  usually  between  .16  to  .46  pounds  according 
to  the  downward  pressure  of  the  storage  holder,  whilst  the  pressure  of  natur^ 
gas  occasionally  reaches  several  hundred  pounds. 

Ti,    iSfi""'!o?^rl?"  ""'"''^  ''^  ""**  ""y  ^  '*'^'<»«»  i"to  t'^o  classes:  (1) 

S^Sr^h  i  .  °'°""'""'-  "^^  ''"'"^^  '^•"^  '"""^^  -  ^he  principle  o 
r«tact.ng  the  flow  at  a  given  point  and  creating  a  differential  pressure  in  relation 
to  It.  whilst  the  proportional  meter  is  adapted  to  conduct  a  relative  proportioj 
of  gas  to  a  positively  eontroiled  regUteriug  device,  from  which  the  correct  voh^me 
of  gas  passing  through  is  obtained  by  computation. 
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ORIFICE  METER:  The  orifice  meter  is  a  widely  used  instrument  for 
natural  gas  measurement,  and  many  designs  have  been  introduced  with  different 
methods  of  obtaining  the  pressures.  The  orifice  plates  have  been  made  of  har- 
dened steel;  soft  iron  coated  with  German  silver;  and  mild  steel,  each  of  »rtuch 
claim  to  have  their  special  advantages.  The  hardened  steel  plate  is  based  upon 
the  theory  that  the  principle  cause  of  inaccurate  measurement  is  the  change  in  the 
area  of  the  orifice  by  sand-blasting  and  scouring  of  the  hole.  The  theory  of  the 
German  silver-coated  plate  is  that  the  principle  danger  of  the  area  of  the  orifice 
changing  is  by  corrosion.  The  mild  steel  is  based  upon  the  couclusion  that  th- 
aforesaid  advantages  are  not  as  important  as  having  the  orifice  to  exact  micro- 
meter dimensions  which  cannot  be  obtained  with  the  other  materials. 

The  principle  on  which  the  orifice  meter  depends  originated  about  the  year 
1750,  and  was  the  invention  of  the  French  physicist.  Henri  Pilot,  The  invention 
was  originally  used  t..  measure  the  velocity  in  streams  of  water.  Tn  the  original 
form  It  consisted  of  a  bent  tube,  the  mouth  of  which  is  pointed  up  stream  and 
measures  the  dynamic  pressure  of  the  stream  by  the  head  produced  in  the  vertical 
part  of  the  tube. 


Figlirc  3 


The  invention  was  first  modiified  for  the  measurement  of  natural  gas  by 
ad^ng  a  second  tube  to  measure  the  static  or  gauge  pressure.  This  is  illustrated 
m  Fig.  3,  in  which  I>  is  a  piece  of  pipe  or  tuUng  inserted  in  the  gas  main  so  that 
Its  open  end  is  direcUy  in  the  center  of  the  main,  and  in  a  posiUon  opposite  the 
flow  of  gas.  The  pipe  S  is  located  at  a  distance  of  one  foot  from  D  on  the  up- 
stream side,  and  conducts  the  static  pressure  to  U-tube  5'  and  the  opposite  side 
of  tube  D'.  Under  these  conditions  the  pressure  on  one  side  of  Z)'  is  staUc 
whilst  on  the  other  side  it  is  static  -(-dynamic,  the  Utter  of  which  is  measured  by 
the  height  of  the  column  h.  It  i.s  evident  then  that  the  height  of  the  water  * 
i»  equal  to  the  pressure  which  would  produce  the  velocity  of  gas  flowing  in  the 
nuun. 
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P^t7^?mJT^:^^^:,SZ^:^  '-  »-  »— "t.  the  g.  wa. 

By  this,  dau  was  obSnrf  S  trtie^l^r  ~"'"'**^  "' ^°*  "**  P«»^- 
time  under  different  Sti^fr^    ?T      ^  '"*^'*  *^°"«'» '»  *  <J«fi«ite 

-d  tubes  madeTLTSlTf^a^re'^Z"^^''''*^''''"-*'  '^-- 

nudces  it  poruble.  an?Lt  ii^Trpipe^^eTuf  ?"  "'  "^  ••"*~^-* 
to  be  disturbed  owimt  to  th/int-w™.     J?     P'P«  '•ne,  but  its  accuracy  is  Uable 

is  also  umited,  a^d  for  accurate  workTu  ^^  J  .  .  '*°*^*'  °'  measurement 
4  to  1.  or  100  000  to  25000^  wilT  •  "°*  P-'^^^''^^  »«  have  a  range  higher  than 
of  watW.  ^'  '""'  *  """"""»  ''«f«««««l  P-^sure  of  2.K  inches 

pute?;:£'t?^;i:  St'^t-  °'.^^  ^*''*  *"^-  -«*  «-«*»  o^ « thin 

pressure  h  ottS  o^ "e^'t^^  * f  ^r"*^  '""^•"'*"«-  ^*  ''*»»^«= 
recording  pressure  za^e  and  S.^^     .    ,      ^^'^  °"^**  ^*°«*  '"^  «»  ««««»«7 

st^amirs  a^sS;r^ssi';'ssTa;r  ^^^^ 

age  ^s::sitsrr^iyo7^e"^r ""'  "^'^  •-'=*-•  ^'  -- 

accuracy  of  the  met^  L  tV^^ffi/ **'''  ^  ''^^^  considerable  effect  on  the 
to  t:.e  ~nditiort'^d^r.vtlSn"lTj'"  compuution  must  be  corrected 
to  know  the  maximmn^  m^ni  ""*'^»t'°«  «^  these  meters,  it  is  necessary 

si«e  meter  caTSr^rtJjJ  ^d  "^Z  PT"t^*•>«^  ^"'""^  so  that  the  correS 
ditions.  *"''  °^''^'''^  '^thin  a  range  suitable  for  the  con- 

«  ^^vZ^^^%Z^'lt''-  •?'"  T'  •'  ^'"*  '"•''^  commercially 
cipleastheformJ^d^S^\',3»''*°»P^«te  on   the  same  prin- 

in  the  shape  of  a  co^  so^!*  VT^  .  ^^^'  "  *^*  *'*"^  "«*«  tube  is  made 
the  ^^oro*^^tZZ1^i^^ttt"^  'rf^ '-'«=*  «»'  the  tube  to 
and  the  differentia,  preset  c;';::,lidenr""   "   "  '   "**   •"•^• 

The  rn-ter  workronM^  T    ;       '^''^"  ""^  P'^'""^*  ""^"ds  five  pounds 

^oJ^n^T^^ri:^"^!"^^:/  T'""^''".^  ^  definite  proportion  of  tVflow 
computation     TieTcufacT^^^^^^^  j'"';'^  '-^'"^  '"''  ''  ''''*--^  "^ 

unrestricted  flow  thrSiThe  nn^       T        '^"'*'  '^'«''>^  °"  maintaining  an 

Portional  cham^^   a„d  tbtcrn  onlT  '^'""^  ^'°"'^''  ^^  P^ 

meter.     At  the  inlet  of  tht^  f^  ^       *^"''*  ^^  periodically  cleaning  the 

chamber  i  2  J  at  5  pif  .T"''''"'^^'^'!*™'"'-^  ^''"^  '"^  P'-*ded  a  sponge 
deposits  nthTmeterp^L  rnTT"  "*■'  ""''  '"^""'  '^"'^  '^^^^'^^  P«-^ 
4  or  8  ounce  prTie  from  which  th  !  *  r*''  '"'  "^"^  '''°"''*  "^  '"<='«««<»  ^t 
Pliers  When  th'eXsure rg^aS  ^''^tJ^^"^  "f— t  is  computed  by  multi- 
of  vulves  V  and  V  ^SX^^l,^!  .*  P'°P«rt'on  is  obtained  by  mean, 
to  each  other  "'  '°*''''''  ""''  '^''^  *^'"*''  «'«'  «P«ncd  in  relation 
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Figure  4 

BASIS  OP  MEASUREMENT:  The  four-ounce  basis  of  measurement-'js 
most  commonly  used,  and  the  multipUers  for  higher  pressures  are  obtained  from 
tins  base.  The  multipliers  originate  from  BOYLE'S  LAW  OF  GAS  DENSITIES 
which  IS  -The  vdume  of  gases  varies  inversely  as  to  the  pressure,"  and  the'formula 
lor  obtaimng  a  multiplier  for  certain  conditions  of  pressure  is 


M^ 


G+A 


A +.25 
in  which  M  -Multiplier. 

G"  Gauge  pressure  in  pounds. 

A  -/  •     'Spheric  pressure  at  14.4  pounds. 

.25^  Basis  of  measurement,  or  4-ounce. 

Assuming  that  the  gauge  pressure  of  the  line  is  20  pounds,  the  multiplier  will  be 

20+14.4 


14^5 


-2.3481, 


and  this  mulUplied  by  the  meter  reading  gives  the  volume  of  gas  passed  through 
at  standard  or  four-ounce  pressure. 
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350  ^r"  '  '^''*'  *  "^'  "'  ""'**P"'"  "  '^-«'>  '"»  standard  pressure  to 

Table  a 
PRBSSURBMUI.TIPUBKS  FOR  GAS  MEASUREMENT  ,r^  4.OUNCES. 


Pounds  per 
Square  inch. 
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TABLE  i—ConHuutd. 
PRESSURE  MULTIPLIERS  FOR  GAS  MEASUREMENT  from  4-OUNCBS. 


Pounds  per 
Square  inch. 


34.00 

34.50 

35.00 

35.50 

36.00 

3fi.50 

37.00 

37.50 

38.00 

38.50 

39.00 

39.50 

40.00 

40.50 

41.00 

41.50 

43.00 

42.50 

43.00 

43.50 

44.00 

44.50 

45.00 

4.1.6" 

4f     ■) 

40.  SO 

47.00 

47.50 

48.00 

48.50 

49.00 

49.50 

50.00 

50.50 

51.00 

51.50 

52.00 

52.50 

53.00 

53.50 

54.00 

55.00 

55.50 

SB. 00 

56.50 

57.00 

57.50 

58.00 

58.50 

59.00 

59.50 

60.00 

60.50 

61.00 

61  50 

62.00 

02.50 

63.00 

63.50 

64.00 

64.50 

65  00 

65.50 

66.00 

66.50 

67.00 

67.50 

08.00 

68.50 

09.00 

69  50 

70.00 


Multiplier 


3.30375 
3.33788 
3.37201 
3.40614 
3.44027 
3.47440 
3.50853 
3.54266 
3.57679 
3.61092 
3.64505 
3.67918 
3.71331 
3.74744 
3.78156 
3.81569 
3.849S2 
3.88395 
3.91808 
3.952?! 
3.g86.'<4 
4.02017 
4.05460 
4.08873 
4.12286 


.15699 
.19112 
.22523 
.25938 
.29351 
.32764 
4.36177 
4.39590 
4.43003 
4.46416 
4.49829 
4.53242 
4.6655 
4.60608 
4.63481 
4.66894 
4.73720 
4.7713;< 
4.80516 
4.839.W 
4.87372 
4.90784 
4.94197 
4.97610 
5  01023 
5.0t436 
5.0784!) 
5.11262 
5. 14675 
5.18088 
5  21501 
5.24914 
5.28327 
5.31740 
5.35153 
5.3856G 
5.41979 
5.45392 
5.48805 
5.52218 
5.55631 

s.focm 

5.62457 
5  65870 
5.692a3 
5.72690 
5.70109 


Pounds  per 
Square  Inch 


135.00 

136.00 

137.00 

138.00 

139.00 

140.00 

141.00 

142.00 

143.00 

144.00 

145.90 

146.00 

147.00 

148.00 

149.00 

150.00 

151.00 

152.00 

153.00 

154.00 

155.00 

156.00 

167.00 

158.00 

159.00 

160.00 

161.00 

102.00 

163.00 

164.00 

165.00 

166.00 

167.00 

168.00 

169.00 

170.00 

171.00 

172.00 

173.00 

174.00 

175.00 

176.00 

177.00 

178.  (HI 

170.00 

180.00 

181.00 

182.00 

183.00 

184.00 

185.00 

186.00 

187.00 

188.00 

189.00 

190.00 

191.00 

192.00 

103.00 

194.00 

195.00 

106.00 

107.00 

198.00 

109.00 

200.00 

204.00 

208.00 

212.00 

216  00 

220.00 

224.00 


Multiplier 


10. 19795 

10.26621 

10.33447 

10. 70273 

10.47008 

10.53021 

10.60750 

10.67570 

10.74402 

10.81228 

10  88951 

10  94880 

11.01706 

11.08532 

11.15338 

11.22184 

11.2U0I0 

11.35836 

11.42662 

11.49488 

11.56313 

11.03139 

11.60965 

11.76791 

11.83617 

11.90M3 

11.97269 

12.04095 

12. 10921 

12. 17747 

12. 24573 

12.31392 

12.38225 

12.45051 

12.51377 

12.58703 

12.66529 

12.72354 

12.70180 

12.86006 

12.92832 

12.99658 

13.06484 

13  13310 

13  20136 

13.26932 

13.33788 

13  40614 

13.47440 

13.64266 

13.61902 

13.67918 

13  74744 

13.81569 

13.88393 

13  93221 
14.02047 
14.08873 
14.15699 

14  22526 
14.20351 
14.36177 
14.43003 
14.49829 
14.56655 
14.63481 
14.90784 
15.18088 
16.45392 
15.72696 
16  00000 
16  27203 
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TABLE  S—CtmUniud. 
ra^URB  MULTIPLIERS  FOR  GAS  MEASUREMENT  from  4.0UNCES. 


Poundi  per 
Square  inch. 


70.80 

71.00 

71. SO 

72.00 

72.80 

73.00 

73.80 

74.00 

74.80 

78.00 

78.80 

76.00 

76.80 

77.00 

77.30 

78.00 

78.80 

70.00 

79.80 

80.00 

80.80 

81.00 

81.80 

82.00 

82.80 

83.00 


Multiplier 


8.79822 

8.82938 

8.86348 

8.89761 

8.93174 

8. 96887 

6.00UOO 

6.03412 

6.06828 

6.10238 

6. 13681 

6. 17064 

6.20477 

6.23890 

6.27303 

6  30716 

6.34129 

6.37824 

6.40985 

6.44368 

6.47781 

6.51194 

0.84607 

6.88020 

6  61433 

6.64S46 


Ptnindi  per 
Square  Inch 


228.00 

232.00 

236.00 

240.00 

248.00 

250.00 

188.00 

260.00 

268.00 

270.00 

278.00 

280.00 

288.00 

290.00 

298.00 

300.00 

308.00 

310.00 

318.00 

320.00 

325.00 

330.00 

335.00 

340.00 

345.00 

380.00 


Multiplier 


16.84607 

16.81911 

17.09218 

17.36518 

17.70648 

18  04778 

18  39807 

18. 73037 

19.07167 

19.41296 

19.75427 

20.00886 

20.43685 

20. 77815 

21.11948 

21.46075 

21.80224 

22. 14334 

22.48464 

22.82893 

23. 16723 

23.80883 

23.84032 

24.19112 

24.53242 

24.87371 


the  point  at  which  the  gas  is  needed  as  fuel,  and  when  such  is  the  case  it  i.  e^nettJ 
nL^^^  *°  operate  a  compression  station  near  the  wells.  When  the  rock  or 
ZTJT""^  "  ^"^-  *"•'  *^'  P°'"*  "^  consumption  is  only  a  few  miles  from 
the  field,  the  compression  plant  is  not  necessary.     In  most  cases,  however  it  is 

iTnTLlT'^'r^  ^°  """^"^  *^"  ^'^  *°  ^  '•*«'>  P'^"'"^  »^  the  size  of  the'  pipe 
Zl  r^^         -cordrngly;  and  this  eliminates  a  great  expenditure  when  tE 

at  S^lr?  ""'" '"  'f  ***"■  " ''  ^""^^^'^  *•>**  »  ^-•"'^h  pipe  '«e  operated 
at  300  pound  pressure  at  the  compressors  would  deliver  3,000,000  cubic  feet  per 
24  hours  at  a  point  100  miles  distant  and  discharge  pressure  of  5  pounds,  whS 
to  deliver  the  same  volume  of  gas  the  same  distance  with  a  natural  or  rock  prS- 

tTefpin.Jt'S!;     ''  *•*'  "'"''  ''  """'''  "=''""'  ^"  '^  '"^'^  ""^-  °'  10  to  12  tLs 

and  i^^  'lesign  and  location  of  compressors  vary  somewhat  with  the  condiUons. 

t  "i  %r"''  '^'"'"  ''*''"  ''''  «"•  ^*^"»'  '^  ^•^'^t'''^  «°t°r^  of  the  induction 
!Xa,.?'  *^"P'«f' °°  °"tfit  is  designed  also  to  quickly  lower  the  temperature 

ture  Z  .r  ,    '  "'"''  '°  ^  ''"'"«•'*  '^*"^'     Tl^e  lowering  of  the  tempera- 

t^simultaneously  causes  a  contraction  in  »,he  .  -me  of  the  gases  which^J- 
poruonately  increases  the  flow  from  the  wells.  -  advisable  in  most  cases  to 
adopt  a  two-stage  system  of  compression,  and  tc  ^os.  the  gas  through  a  cool" 
before  entering  the  second  stage.  The  general  arrangemeL  of  a  comprSol^ 
plant  IS  lUustrated  in  Figs.  5  and  6.  »  «.  "i  a  compression 
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^,rt!r^  •'■  /  ■  I*"*""  """•*  "•  "P*"*****  ^y  "*»*"  «'  «ffects  a  certain 

?^v™  f'^P'^"'"  '"  '^'^  T  *  ''•'•'^  '"^  »°  ^'  »"«  compression  pump. 
c.  dnven  by  gas  engine  «'.  The  compressed  gases  flowing  from  pumps  c  ^ 
P^  through  a  cooler  which  consists  of  a  coil  rf  arranged' „  a  tank  Tl^u^ 
l«™  r  •,'!,?r^  *°  "^  '°  "^^  **•'  •''"^  "^  compression.  When  the  g  Je. 
.  il!^u  '^^''^  "'  P"'*"  *^™"«''  "  «*"  ^'  P'8  «•  *hich  is  arranged  in  aS 
I  connected  by  p.pmg  to  a  cold  fluid  supply.  The  coil  /  of  the  refrigerator  ta 
connected  to  separating  Unk  *  in  which  collects  the  condensible  vaj^  and 
allows  them  to  be  carried  off  through  piping  *'  to  storage  tank  3  Fig  5 


Figure  6 

A  portion  of  the  permanent  gases  from  tank  h  passes  off  through  pipe  i  and 
reduang  valve  .'  for  use  in  the  gas  engine,  and  the  remainder  passes  off  through 
pipe  m  for  expansion.  It  may  here  be  stated  that  whilst  the  compression  of 
gases  generates  heat,  the  expansion  of  compressed  gases  will  act  adversely  and 
thereby  affect  a  lowering  of  the  temperature,  and  if  the  expansive  force  is  utilized 
in  the  performance  of  work,  the  reduction  of  the  temperature  is  considerably 
greater.  It  is  obvious,  then,  that  by  conducting  compressed  gases  through  the 
refrigerator  the  heat  generated  at  the  point  of  compression  is  absorbed  and  con- 
densible vapors  extracted;  also  that  by  conducting  the  gases  from  the  separator 
A  to  engine  «'  through  piping  m.  the  hitherto  compressed  gases  are  expanded  m 
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Xt^^  ^°1^'  '"'  ''•""'  ""^  «''^''''^^»  '«"«""«  «'  temperature  i, 

!eIS^.  Jrf  "n       *'**'."'  ''*«»"*«>  through  pipe  n  to  the  shells  of  the 
wSSS       1  and  2  as  a  coohng  fluid  for  other  gases  passing  through  the  re- 

.    A^^.  "*"  ^  °^  ""  refrigerator  1  is  ronnected  at  one  end  of  the  line  of  pipe  o 

to  the  pump  a  through  coUectmg  drums  4,  which  are  operated  alternately 
to  fUl  one  or  the  other  of  storage  tanks  3.     The  engine  m'  is  erployedtZrate 

^a'  r^"'?'.**''^'"  "^"^  ""'''^  P"^"""^*^  t°  compression  pumps  e.  and  is  con- 
nected at  Its  .nlet  by  pipe  r'  to  line  e'  on  the  delivery  side  of  refrigerator  1. 

to  nTJi^Jf  1^^JJ°^L  ^^  '"^°'^  P***"*"  °"  ^''^  ""^  '^  «  frequently  necessary 
^^^Ja  "Z  '^'^^  r"'  '°™  °'  ^P^^*"  °^  P""fi«='  t°  ^move  sand  or 
other  solid  matter  or  condensable  vapors.     The  class  of  purifier  used  may  be  of 

t^'rTt'el  in  ?S'  7       ""'  *"  "*'  ""^'  "^""''""  ''  "  '=°™'''"*t'°n  °f  aPParatus  illus- 
In  the  lUustration  a  is  the  gas  supply  which  is  connected  to  the  wells  or  pipe 

h^^tfi  ♦.I'  r^^  ,  '"'^  *  "'"'"'"  '■"^"'*"«  ^*'^«  o'  ^«8"'ator  a'  adapted  to 
throttle  the  flow  of  gas  transversing  the  line  a  and  lower  the  pressure  to  a  desired 
point. 

The  throttling  of  the  gases  at  this  stage  produces  a  forced  expansion  of  the 
gases  and  condcnsabk  vapors,  and  simultaneously  lowers  the  temperature  in 
proportion  thereof.  The  fall  in  temperature  and  pressure  causes  threntrained 
vapors  to  condense  to  a  liquid,  and  to  collect  this  condesnable  matter,  the  ga.ses 
are  caused  to  discharge  into  the  separator  6  through  nozzle  c.  The  inlet  c'  is 
located  in  the  casing  d.  and  the  nozzle  is  turned  downwards  so  that  the 
gases  are  discharged  immediately  above  the  recrement  e.  The  discharge  end 
of  the  nozzle  is  slightly  convergent  so  that  the  gases  issuing  therefrom  are  directed 
downwardly  in  a  concentrated  stream  towards  the  port  e. 

At  the  top  of  the  casing  d  a  gas  delivery  port  /  is  provided  from  which  the 
gases  are  conducted  to  distribution  mains  g,  and  a  .cries  of  baffles  i  project 
partially  across  the  separator  chamber  to  provide  an  extended  contact  sJace 
on  which  moisture  collects. 

„e.».?h  *"'tT  ^''V  ''  ^'^^'"^  ^*  '•*"  ^°'^^'  P^^'  °f  the  casing,  and  is  con- 
nected by  a  short  pipe  h  to  a  resorvoir^  which  collects  the  impurities.     The  pipe 

of  the  impurities  as  they  issue  from  the  nozzle  causes  them  to  continue  their 

iZ7JJ°"""-  7"  ''  '''f""*''  ■"  '"^  "^'^^^'°'^-'-  whilst  the  permanent  gases 
rranTnrrT/°"!,'T'*^''''="'"^'^"^*'^^'''^^«-«the  direction  of 
How,  and  proceed  towards  the  distribution  main. 

The  reservoir  j  is  made  comparatively  large  to  enable  it  to  receive  large 
quantities  of  water  vapor  which  are  liable  to  be  delivered  at  certain  times 
When  water  is  encountered  in  the  wells  in  large  quantities,  it  is  invariably  de- 

diUons,  so  that  the  normal  operation  of  the  separator  is  not  interfered  with  when 
the  waves  of  water  appear. 
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crement  discharge  p^T^^'^L  a w  "i^T^  "  """'^  *  "  '''°"'*^''  ^  '- 
sure  regulator  m  wWch  commumcates  tith  1  "  "T""""  '^  "  P'*"  ^'  »«  P^^ 
is  located  at  a  level  aboveTat  T/l^  ^  r°"''  ''''"^''"  "'  ^'^  ^^*«^°i' 
below  the  surface  of  the  lar^Jlh/t tt  would  t  '^-*«-'y  '"^ated  so  far 

n  if  it  were  on  the  same  le^'  The  ll?  ^  'mpracfcal  to  drain  the  reservoir 
n'  which  is  in  commit  ".  J  i  ZT'  f  "  '™"'''^  "*''  '^  '''""'"^^  ^"^ 
communicates  with  tl.      .i.charKc'^",,  Ju     "."  "'  °^  '"'''"''  '^^  °'^^'  '«« 

-  ^e  trapes  of  -..^,;^;v;.^- ^-^^^^^^^^^^^ 

which'^s^Sed'inT  pL;;cLa:'ri'i""''  ^"  '"".•■^*'"«  ^'^^p^^-^™ 

communication  with  reservoir  „  hv  ^'f  r*  '  "^^'  P"""*'""  °f  *hich  is  in 
with  a  restricted  discha^gTport  ^  1^°'  "T  :,  .^'"^^^''^  ^'^  '^  P'-'ded 
through  which  gas  deliveid  ^olhe  rl^  "T"""^  ^^  ^  "^'^^^  ^^'^<^-  '"'d 

as  liquid  is  discharged  from  t^:  eirvJrTtH  JT'  "  '"^'^''"«^'''  ^s  long 
remain  open,  as  th'e  wa^e"  ^e  i3 "  ,  ex^rtlVh'  T  '^'  '""^  "«"'^*°^  '^'" 
reservoir,  and  consequently  will  noTacfT.t  ^k  ,,  u^"'  "'"''"'"  '"  ^he  latter 
chamber  n.'.  When  gas  s  d  ve"  d^.i^Ve'^^^^^^^  T'*'"^''  '^'*""  '"^ 
reservoir  „  increases  and  a  back  p  Lure  s  exer^L  ^  u"''  '"'  "'""'"^^  '"  ^"^ 
<.f  the  regulator  by  way  of  pipe  '  wS  tendsT  f"""  '''  *"'""""«  *''P''"«'" 
cation  between  reservoirs  /Td  n      S  *^'  '*'  ''"'^  '="*''  ^"^  communi- 

tl-e  waste  of  gas  to  rektivelv  sin  ^^^"«^"^"t  "as  the  effect  of  limiting 

valve  to  port  .      ^ef  tte  '  as  ^.^  ^^^  ''.'''«^''  '^'^''arge  through  needle 

regulator  again  opens  ani    emains  so  whi"  etr  a'  T"^  ".  ''''''''''^''  '^^ 
delivered  through  the  piping  L'.  continuous  flow  of  liquid  is 

LOW-PRESSURE  SERVICE     At  #».„  k    ^ 
the  natural  gas  is  used  as  f ud    if  is  nec'sa^t"  1  "  "i'  °^  "'^""^'^  '^""^ 
about  4  or  6  ounces  as  a   pre^n  ive  alt,T  fi       r     "**  '^^  ^'"^"'^  d«*"  '» 
insure  uniform  service.        '"'''"'*'^*=  *«'*'"='*  6^^  from  burner  devices,  and  to 

contro^eX'Sts^^r'rJrirr f  "-^  T'  ''  '"^^""^'^  '"  '"^  «--  -<^  '^ 
stem.  T ;.eseregultorrar:Sed  1X2"'  r"'  "/J^P''-^'"  -<!  valve 
lATE  and  LOW-PRESSURE     The  ^s^H  ''''      '°"' '^^^ 

pressures  from  .VIO  to  600  p<;La?d,o;t'S:c:';o;;Z'°r  ':  '^'^  '"'"'  "' 
will  lower  the  pressure  from  50  or  100  tn  iV     oL  '^""'*''  ^^"^  '**^°'«1  c'a»» 

regulator  will  Ler  to  a  L  oleT  tI  Z  f  '"""''=  ^"'  '"^  low-pressure 
down  at  some  distance  from  the  ITnTof  *     '"^'"'"'"''  ^'"  """="'"  brought 

ing  apparatus,  and  the  .ow'p^eX  retTaTc^TsT"  '"  rl"""^''""  ^"^  """f^- 
is  necessary  to  employ  in  the  c7ty  frequently  the  only  one  which  it 

distance  of  50  feet  on  the  iow-pr^,te  side  '  """'  "^^'"'  temperature.  At  a 
sure  recording  gauge,  and  the  ZTa7or  iu.dTS'T  '^-  T"'  ''^  "  '°*>'-'- 
t.on  to  enable  inspection  or  repair  withls^oooit  t^  ""*"  "  '*""*"  "»""«=- 
arrangement  of  connections  is  shown  .nplT    At  ,  '"  T'"      ^'  «'^"^^'" 

wn  in  ng.  8.     At  a  pomt  near  the  regulator 
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on  the  low-pressure  side,  a  safely  seal  of  oU  or  salt  water  shouM  h.     .  ^ 
a  preventive  against  the  reinilator  f<>iu„„  ♦       j         .  ^^°  ^  P'"*»*  •» 


Figure  8 

The  composition  of  natural  zas  is  rhipflv  /-«/        ,«. 
and  usuaUy  contains  very  little  Cure  g^f  IntrtM    T  ''*""'  '^'^•' 
conta  ns  a  hieh  mrrPtifn™  „f  u  j  *"^  "''***•  however,  the  sas 

very  r>o^:!' zz^li 'Z'^^^^:::^:  'V""''-  '^^^  ^-^-^  *- 

undesirable  compound.  This  Kas  mav^f  ^u'  """^  '"  «'n«<J««ntly  an 
attheinletoftheTeteran^ZSnnwUhrr  \"'^''''^<^  "  =""""  t-k 
ings  for  porosity.     On  passin^Tr™   It  "■""  ''°""«"  "««»  '^th  ^<'^- 

taken  upTy  the  hX^n  of  t^  ^  u  ."  ""'"^''^-  *^«^  °«y«"'  «^  ^^e  iron  is 
whilst  tJe  s'ulX  cS„,s  '^;j  ;;f  "'^^  -'  '""'^''^  ""'^  -«  -»*-  H-O' 
cleaning  out  the  purifi"TnUea„v  anH  ■  '""I  ""  '•="""'  »"'P'''«»«-     O" 

-js  re-o,idi  Jand  thrilSriSiS^Sit^-^,:^^;- 
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in  the  latter  part  of  2^  L^t^nS^Tnt^  ?".  """^  "^""^  ""^  •*''*°^«'«" 
Uter  that  the  iiscovS^;rS°5frtr^'  ""^'^  ^"^  ««*««>«»  "bout  100  years 
«ale     The  c   art  ZT^^i.     J      .  manufacture  of  gases  on  a  commercial 

S^Lt^rLes^to  htet^"  t!!^^^^^^^  '^  '^  ""^^^^  "^  ">««*  ««— -n.  and 
in  17g9      A  flU  ■      P**'"*«^  appears  to  have  been  by  PhUippe   Lebon 

o.^vr^.       purposes,  by  the  London  &  Westminster  Gas  Lig^t  and  Coke  Pom 
the  year  1835.  when  U  had  been  adopted  in  seven  or  eight  of  the  mrimpoi^Snt 


Fixure  9 
vwious  shapes  and  sizes  anri  nr.  ,>i      !  •    "^'fy      These  retorts  are  made  in 
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some  advantage  is  claimed  *^  ^°*  arrangement  from  which 

method  has  been  alm^t  ^veTsX  abTnlneT  7^ '  '"'  "  '^'""^  ^^"^  *»»- 
firing,  which  has  proven  to  J  mor™"!-  ,  T  I'  ^^""""^  '""  ^^^-^ne^tive 
theory  of  control's  to  pr^v^e  a ThSrS^if  fuel  J*^  'T  '""*  ""'"«'  ^"^ 
supply  of  air  beneath  the  grate  which  e„,H!.t  ^""'J'^"^"y  ^o^e),  and  a  full 


Finure 
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Figure  U 


ducted  to  combustion  chaJb^rTadSnTt^fr""''"*  "'^  '''"^*'  "^^  "«  <=°n- 
tion  of  heat  therein.  I„  th^ty^  ofTll  ^^'T'  ''^  *""  ''"bsequent  evolu- 
J  provided,  the  object  of  ^iL^^s  1^'^!^^  b  "*'  ''^  \^'''  '^  "'  f^' 
duced  in  the  lower  part  of  the  fire  wi^hTfu  ^""""^  *=*''^  '''""de  pro- 

that  the  gases  arising  from  the  ton  oT  L  f^  .  ,1^'°'""  "'"P^'""  »'  «=^bon  so 
oxide  from  which  siond^  colu  t bn  cat  T  "^IT'''  '='"^'''' '''  ^"^««  "^n- 
Referring  to  Fig.  „.  the  ^ZTTZr^tTt^r'  T  k'"^  '"'"^  •*'=^''«'- 
excess  of  oxygen  produces  complete  comh^L  ,  !  ^'**''  ^^^  **  "•  "^d  the 
of  the  bed  to  CO^  The  carSon  dtxiH?f  1!."  °'  *^"  "'^''°"  '"  '^e  lower  part 
the  presence  of  an  exce's!  Jcl^trrt  3fo  S'^Th'^  ^°  '"^''  ^  "''^  '^  "• 
to  combustion  chambers  arranged  within  th!  J.»  I      ***  "  *^''"  conducted 

air,  and  i,  reburned  as  carbordSe  !„h^1"'k ''''"'''•'' ""^^ ''^  «^^^^ 
to  the  retort,,.     The  second  .t  en ts  the  In     "- ^^^^^^^  ^""'  '"'''^"' 
combustion  are  passed  ^o^^::T:M^uTd''^'Z^^^'  ^'  '"'^^'''  "^ 
temperature  of  the  secondary  air  to  abou  TS»P        J   ""«ngement  raises  the 
gases  froui  the  producer  at  e  a  vi^rornn,      T      ■"  °'*  "***'"«  *he  burning 
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(1)  It  effects  considerable  saving  in  producer  fuel. 

(2)  It  provides  a  more  uniform  heat  on  the  surface  of  the  retorts 

torts^ibeltiS^rrp^lJi^.'^  "^^  "  '^^  "-"-  'y  ^-""-"^  -<« 
(4)    It  lengthen,  the  life  of  the  retorts  by  more  uniform  distribution  of  heat. 

andi?ieaLrr;rroT:.:5tb's*°'-^-^""^-'-"— - 


re- 


FiKure  12 

as  to  the'naturrof  ue, T;  rc^bonte^  :„"d  o""  ?  ^"^  ""^  ^"^  «""-••«» 
The  theoretical  consider^tionsTo  bTk  pi  "view  in  ^T'"'""'  °'  '"^  ="*""«• 
si«  of  horizontal  retorts  may  brieSy  b:'strd  J/o.lo::    "«  "'''"'  ""^  ^'""^  -«« 

(1)     It  should  allow  for  the  charge  of  coal  being  placed  in  a  thin  even,  layer 
crowl'If  til  mo"rt.  ''^°''  """"^^^"^  ^^^^^  '-'^-"  *''^'  *°P  °f  the  coa,  and  hot 
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the  ele  s^^a^ai^d  SebTliet^heatt"  "^  ^  1  "•^^'^"  ^-•^''- 
of  coal  in  the  interior  **  *°  uniformly  penetrate  the  layer 

c.-./.'^'iTrirrrttrisri^^^^^^        -«» ^-«  -.- 

•dvantage  of  beimr  tte  eJli-^tT^  ,    ^  ""*"  '''^^'''•=-  *«'l   »»«>  h^s   the 

diameter'  Th^TalttrirLrdet  J  JlCrto' ^ \^^^^  ^^  ""^^  ^" 
•nd  comes  next  to  the  round  retonZ^hr^'iT^''"^^""^'^'^'^''^' 
circle  is  mad^  about  14  toTl  inSerr^  ?^f  *°  durabUity.  The  semi- 
tion  of  heat,  an.  ako  al lo^  ^^e^^to  ^^LT •  '"T* "^^  *"  ""^  '^'''^'»'"- 
dimensions  of  the  retorts  al^  v^v^th  r  j^  t  u"?  *  *^'"  ^^"°  '^y^'"  ^he 
.«e  are  about  9  feet  C  wLTdT^  r^e^e?  1  Ts  tf  whrn^  ^*"^  ^^^'■ 

«roup  constitutes  :Ut  fZw^  ^Tftf^T  tL'  ^  L'  ^^r"^--'  -«»  ^^ 
by  side  are  usuaUy  in  accordance  «?th  the  H  J^  ^^  f  ^  ^"•*'='  P'^**'»  "''»«' 
troup  constitutes  a  ./JT  '^  ""'P"'  "^  *''•=  '^"'"d^'  ^^d  «ch 

which  makes  the  totarnumifof  r^ons  LlxTxl"  .'.^""^nf  ^'  "'"^  "^°^^  = 
tical  to  allow  one-third  being  dom^  f^.^  2X8X9  =  144.     Of  these  it  is  prac- 

tota.  number  in  operation  ^  appT^x  1  "y  ?S'' TheT^'  T'f  "^'^  ''''' 
of  being  produced  from  one  retort  v.^„T.u  .i.  ^™°""*  °f  8^  "^^Pable 

temperatures,  and  ie  c^Lut Tf  eTl,  H  ^''^'^^"''''^  "^  ^he  coal  and  working 
.  charge  of  ,,'500  pounZf  Safp^tto"^-  th  """"""  T  '"'^^  '^*°'^  ^^» 
100  retorts  is  150,000  poundranTon  tZ^^h  'T"'  ''','°''  """'"^^^  '^ 
pound  as  5  cubic  feet  the  outZ  of  .h  ?*  """'""'^  °'  ^'^  P""*!""^  P^^ 
feet  per  24  hours  '^"^  **'  '•*'  P'**"*  '^  ^^"^  X5 -760.000  cubic 


with?Lrvtt:xra?tVe  Snt  ir  v';:  *''°  ^'^  ^•^^^  "•«=»•-  "•  ^^•^■'n- 

«<»«<«/>.>«  is  securely  fitenedT.         '"^'^^'^^^'^'^'^  »  collar  to  which  a 

casting  that  carrira^t^Thlch  Ts'^^^f  EL^^^^^^  °^  *  "'^^^  ^- 
periods.     At  the  top  of  the  mo.,fhnf»  ^  ""^  charging  and  drawing 

the  gas  to  an  asc^nc^n  pt^  tLughTheTdr"'  "  ''T'^'  '''"**  ^-^-^^ 
hydraulic  main  ..  The  £^^3^1^™!;!  **  f  ""^Z'  ""*=  *"P  P'P*  **•  '"^o  the 
steel,  and  extends  the  whoIeTnShTth  "r  i'  "!f'  "'  ""°"«''*  '™"  °'  "•"» 
that  it  is  sufficiently  remotd Tr^m  1  hea^oMhT  1::"'^ ''  °"  '"^^  ^  '" 
matter  in  the  bottom  of  the  mninV,  f  u-  ^"'"^  *°  Prevent  ihe tarry 

level  so  that  tar  Sow  o  a  weU  and  simut'"''  '",'  ^'^^  '"  "^'"^^'"  ^  1-^'-' 
.  constant  liquid  seal.  Ae  hySaul  mZ  hT  ''■"''•^'  '""^  "'^  ""^  ''«^*«t 
matic  valve  Which  enabiertJeg^Lp^^^^^^^  '°"»  -  «"»- 

prevents  it  from  returning  wherthe  r  ♦  ^  '^"^  *•"*  **  ^""^  """""^ «»« 

drawing  periods.  The  gil^  e^tS^rt^f  "^  "'""''^  ""^"^  "*'  **"'^««  *'«1 
•Bd  ammoniacal  vapors  XchJ-r.„L      f^T  T**'"  *  '"«"  ^»<"">'  «f  ^^^ 

^n.  of  Which  the  t^";rttr:r;m"t  lon^xrr '" "  "^ 
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est  care  ^n^Z »^£^ZTiZl°\  t'  '""'"'^  '^'"''"'^  ^^'^^  »•>-  «««t- 
first  important  factorTsTo  orovide  ^'/^"T  ""*  '®"'°^  ''»^*«°«-  The 
concrete  may  v^^ewhat  r^!,^.*^"^  foundation,  and  the  thickness  of  the 

Under  average  c^dS^^h  iT^*"^  *°  '*'*  P'''"'*'"^  "^^^'^  °f  the  ground, 
concrete  whe^  thegJZd  ^  Tri  tnT"^/"  '*''  *'^"*  ^»  '°  ^  ">'^'«-  "f 
this  to  3  feet  wUh  m^ar  .  f  '^'  ""''  '*  ■"*"  '^  necessary  to  increase 

moisture.  I  iT^Se  tottT!!!!:  T^'"  *"^  ^"''-''^*''  '^  -*--*«<*  -^ 
unusual  stresses  T^Z^Mdl,  ^  *1^  "'  ""*'="*'  '"  '^'  foundation,  as 
and  it  is  also  advisably  tZZ^t  ^  '"'^''  "•'"'"'°"  *»'  ^^  -"-<^- 
tion  at  one  time  if  poL  ble  o^he^  1  i*'""^  °^''  *^'  "^"^^  "*=»  "'  ^"'"«''»- 
chipped  to  preventrja':^'  .T^ZZ^^lt^l  ^"'^"""'^^^  '^^  ^"-'^  «- 
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largely'^ubstUuTeJ^yth^S  dis  ''Tu  *^'  vT^"^  "'^'^  "^  """« 
discharged  by  gravity  ^^  "' '"  "^"^  ^^  '"«^» '"  «*"Ked  and 


Figure  14 

TEMPERATURE  CONDITIONS     Tt,»  ™    »  • 
onomical  operation  of  a  bench  of  re^is^th         'T'^""*  ^''='°'  '"  *''^  ^- 
around  them.     This  is  coSoIled  fro^TJ^       ^  mamtenance  of  regular  heats 
niost  important  points  tXXrv^Ze       '      ""'  ''"'  ^"^  ^""P""'  ^^  ^'^ 

^^-^^^■^r^^in';:^^^^^^^^  —  of  com. 

(2)  To  keep  the  fuel  bed  in  the  producer  at  a  uniform  depth 

(3)  To  admit  only  sufficient  secondary  air  as  will  bum  the  gases  produced, 
condition.  ""'"''''  """^-^  ^"""^^  ^--  '^^  fi^e  and  keep  such  in  a  healthy 
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chnker  accumulating  in  large  masses,  and  smalirpartid  J  of  cH^«.  h         T 
In  order  to  ascertain  the  temperature  of  the  bench  it  is  usual  t«  ...«„i^ 


TABLE  6. 

MELTING  POINT  OP  SEGER  CONES. 

Cone  No. 

Melting  Point 

Cone  No 

i  Melting  Point 

.010 

.og 

1742  Deg.  F. 
1788     •■ 

6 
7 

2282  Deg.  F. 

.08 

1814     " 

2318       '■ 

.07 

1850     " 

2354       " 

.06 
.05 
.04 

1886     •• 
1922    ■■ 
1958     " 

}? 

2390       " 
J426 
2462       " 

.03 

1994 

12 

2498       " 

.02 
.01 

1 

! 

4 
5 

2030      • 
2066     ■' 
2102      • 
2138     " 
2174     " 
2210     •• 
2246     " 

13 
14 
15 
16 
17 
18 
19 
20 

2534       •• 
2570       •■ 
2606       ■■ 
2642       " 
2678       •• 
2714 

2780       •• 
2786 
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Another  simple  form  of  pyrometer  which  is  frequentiy  used  in  the  absence 

rtr  Z^  '•!  r""*  *"'""*'"•  "  *°  P'"**  "  ""»"  "*«k  of  wrought  iron^^ 
retort  unt.l.ts  temperature  is  equivalent  to  that  of  the  latter.^er  which  it  il 
amoved  and  immersed  into  a  known  weight  of  water,  the  temUatmTof  wiH 
has  been  previously  taken.  The  temperature  of  the  water  after  Emersion  XZ 
heated  iron  is  then  taken  and  the  retort  temperature  calculated  from  Simula 

T.+W(T,— T) 
T. __ 

SW, 
in  which  T- Temperature  of  water  before  immersion. 

T,  -Temperature  of  water  after  immersion 

W- Weight  of  water  in  pounds. 

Wi  -Weight  of  iron  in  pounds. 

S»  Specific  heat  of  wrought  iron  .113. 
for  instance,  if 

T,  -200  degrees  F.     T  =50  degrees  F. 
W- 100  pounds.     W,=  200  pounds. 
the  temperature  of  the  retort  will  be 

200+100  (200-50)  45.000 


.113X200 


= =     1990F. 

22.6 


™«  '";^P**=**^*  °f  t»>e  »^0'«»aid  methods  of  temperature  calculation,  th    ex- 
t^^rf  '^^^''^''^' ^"^  ««"^y  n^ake  a  very  close  judge  at  the  approximate 

S^Si^ir^-  itr*''"-     '^^  '•^**  ^^  ^•'^  "^"'"^  becomes' visile  S 
aoout  »00  !<  from  which  it  deepens  m  accordance  with  the  following  table: 

TABLE  7 
RETORT  TEMPERATURES. 


Color 


Temp. 


Dull  Red  1900  p 

Dull  Cherry ;  {jggf 

Bri?I7A"'  1650F. 

Bright  Cherry 1820  F. 

""^     1900F. 


Color 


Temp. 


S^P.Orange  2000  F. 

Middle  Orange  2100  F 

Clear  Orange 2190  F 

Lemon  YeUow 2380  F. 

"•"'«  2600F 


-„H         *'^"P**»t'^«'  Of  the  retorts  affect  the  carbonization  of  coal  considerablv 

and  '"vanably  a  greater  volume  of  ga..  per  unit  of  coal  is  made  as  tSTtem^,' 

ure  becomes  higher,  whUst  at  the  same  time  the  quality  of  the  g^wfudf^^h" 

JST  Ts  th?r'"'°*  ^^"^  "  comparatively  small,  and  of  high  iUuku^ttog 
value.  As  the  temperature  increases  the  percentage  of  gas  increwes  whilst  t^ 
hquid  products  decease,  and  coincident  with  this.  Se  quS^  ^^ijj^ 
and  the  liquid  products  l>-come  more  dense.  is-s  wm  aecrease 
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luminating  power  of  18.20  candles    whiUt  »f  «  ♦  '         "'"''  ^"''  *'""  «»  «" 

perto„wa.beaboutI,OOOrjjfeerj;;i^alre^^^^^^^^^ 

thereTrSlU^^hXlI^ofv^r  ^7^'  ""^^  ^  "  "  '-- 
are  permanent  at  atmospheric  te^raTt^es  a^H '"*  i""*"1'  '  •^'''"  °^  ^"ch 
sarily  condense  to  a  liquW  o"  solid  SltlTt^rt  ^  ''°"'''°  °'  *'****  "»»»  •«^''- 
composition  of  the  gas  at  twi  Tt  !  temperature  lowers.    Briefly,  the 

gas  at  this  stage  ,s  m  accordance  with  the  following  table: 

TABLE  8. 
, ^^^   DISTILLATES  OF  COAL. 


Name  of  Gas 


Hjrdrogen      ... 

Methane 

Bthvlene 

Carbon  Monoxide 
Carbon  Dioxide 
Hydrogen  Sulphide 

Ammonia 

Water  Vapor.... 

Benxine 

Carbon  Bisulpbjcie 

Carbon  

Napthalene 


Sute  at  Ordinary 
Pressure  and  Temperature 


.owe^rtra'britwtci'tuii:  L^rrr  -^^-.^^^  -— . 

vapors  being  deposited  thereiL^/^r  !  J  *^''**''  P""'""'  °'  condensable 

leaves  the  lin  ^  1  c^sb'^iTirr'  '^''"'"*""''-  ^^  *»•«  «- 
and  solid  matter,  which  condenses  to^^T-r^     1  Proportion  of  liquid 

thatof  theatmosphere  anrforJheo™  T  "  "*"  temperature  is  lowered  to 
from  the  hydrajfic  main  byTn t^^  ITZZ^I^'V''''  ^"^  "^  '^  '^^^^ 
tus.  The  exhauster  is  usu^  " ^0!'^ tyTand  ^h'  ""k'*"'"^  ^'"'^'^- 
electric  motor.     The  condenser  mlv  h?         tyPf.  and  is  driven  by  an  engine  or 

ciple  is  practically  ^^^T^^  Zl  and^^-l  'V""'  ""^^'  ""^  '"^  P"- 
Phere.     The  pipes  may  be  arranUd"    '^u  *''^^°«'■°8  action  of  the  atmos- 

frequently  their  arrangeme^rsuet  thath^^^^^^^  "  ''"•^°''*^'  P'^^'  -<* 

weather.     In  the  vertical  clai  thf.!  '^         '^  water-cooled   during  hot 

and  the  light  tar  whS  IdeTses  pi"  dZf  iZ°"  "•'"  t"'  '*'^  ^"^  •'^'•-• 
well  through  a  seal  as  shovS^^FT  15  X  a^T  ?"'''*" '^"^  ^'^ «  *^^ 
required  per  1,000  cubic  feeTpir  dav  vari«  T""*  "^  ^^d^nsing  surface 

coal,  but  may  be  from  6  to  S  llI^erficialTet  "'  "*'  '"""^''^  ^'""^  "^ 

or  industrial  use.  These  imDuri^.roi  T^  u  f  *'"  distributed  for  domestic 
monia  NH,.  carbcm5slh"drS    hvT  "fl°J  '"'""  "^^'^'''^  ^^^'  --^- 

organic  compom.ds.  "^  "  '''^''™^'"  '"'P""'^  ^'•5'  ^^d  traces  of  other 
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nor  s?p'p^'^r«ir'rdt'^'^  "  "°  """'^^  '"  «•«  -«  -«»«  burn 
hun.a«  £dv     Sr      K       .     '"^""*^  *"  respiration  when  inhided  by  the 

be  removal  iri^'  "  °'  **"*  '^  *•>"  compounds  of  sulphur  cannot 

nm^    iZt'^'T""'  '*  """■*  "«*'*^"'  "^  «'«=  °f  the  first  impLdesTo  2 

Z^ume  of  X  T^l^lnTr^  '  'T'^''*"'^  ^''^  "^^  -»  dis«>.ve  in  iu 
under  pr^e  *  '"'^"  ""'''  ^^'^  '*"  ^""''ility  may  be  increased 


Figure  15 

forms  a  solution  which  is  poisonous  and  has  a  st;^" Slfe  T^^''  "^^^^  '^^ 

It  wiU  be  noted  that  the  two  gases  referred  to  m  .„a   m  rr 
water,  and  by  bringing  them  into  repeated  ^ntl^;      /,,  ""  ""  ^'"^le  in 

veniently  separated  from  the  ilium  nSg^wL^t  ^T  "''^  """  "^  ^■ 

miuaung  gases  which  it  is  desirous  to  retain 
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usuaUyconsistsofa  cast  iron  rectangular  vessel  fill-x»„    -^  •    . 

through  which  the  gas  is  cau^o  0^^!^'  i^   /  **'**"  '^^^  ****»  '«*«' 

effect  of  removing  rce^t^nm^n^^f     '^'^''.*^'1«»  <««««««•    This  ha,  the 

bring,  down  any^  wS^LTS  ^7^J  '"^  T"^  «""'*  ««»  -^ 
densers.  ^       '  '^^  "^*<*  '"">  the  gas  through  the  con- 


Fifon  !r. 

dricaUolTJplg^'ierStj^'iirrd'  "rl  ""  ">'  «-»"-■  -•^'^  »  •  cyun. 
U  sprayed  in^.t'thlf  L^'aldT^rdVwt^r  ^^^  1^1'"  S'^iri'^r 
.as  is  split  into  fine  streams  l.„d  brought  repeatedlvT^tact!^*?    mean,  the 

treatment.  "^  '  *  **•'  **"  P*^*  "'^  "^  ">e  top  for  further 
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hydrogen  in  the  r^t^^^i^iJ^^^J^^  ^'^  P''^"-«»  »»y  the  free 
in  the  coal,  and  by  bringing  Zgl^Tn  ^n^f  ^'"^  ^'°"  ^°"  ^^"^  f"'^' 
dinary  temperatures  the  hySroSnXSeTo  tT  "^  '""''  '*'  "°"  ^'^  "  - 
sulphur.  Which  re-<.n.biner  wi^thTLtd^ri^l^rrpS."^^^^  ''' 

foot.'^dror^Zere  ;^rr;:^'^"^  °'  S^'^''^-  -P'*^''*^  ^  cubic 
known  as  ,«n/^„,  to^rV^^JTr::: ^t^'^'\'^  ^^'^^  "^  vessels 
quently  rectangular,  and  are  madeTlnfo^l^  "^t?^'  •*"*  ^^  '"- 
.teel.  They  are  fitted  mtemauT^tt  SeZl,  w^  ^  """'•""'  ~^"'  "^  »'"» 
.  series  of  wooden  trays  or  griiCn  vS^cLT  1  "'  '^"''*'"*  *"  '"PP"" 
The  m^erial  employed  mayC  " n  d iff:^'„t  I^L'IS  Z  T^'^  "  ''"''^^'* 
monly  used  is  some  form  of  ferric  oxide  In  m-n  I'  ^  ^''*'  """^  "***  '=""- 
n^terial  employed  is  obtainedToml^e  pea^  Cof'SlI  "'^°""*''  ''''"  ^"^ 
25  per  cent,  of  Fe^,   the  ren,ai«H^    7^^?*?*.°^  Ireland,  and  contains  about 

however,  the  material  is  itenerallv  =  »,:  .         »  ^  °  ^-  *"^  Canada, 

ings  or  other  spong^  mLtfrS^  pZl'^JiT'^  •™"  '^''«» '«'«  -«^  ^b-: 
.o  that  the  gas  can'L  pasS  LuSTwTtLl^t "  *"  ^""^ ''''  ""*^*'  P°-"''' 
The  best  percentage  of  boring,  t^  i  LS^ra  .^K'-f'"  "**^'"" '""^'' P'^'^"" 
differ  somewhat,  but  a  good  afeige  marbellc^;  ^^^^  *"""  ""''=''  "^  ^'^■'-- 
16  pounds  of  rusted  iron  borings 

1  bushel  of  wood  shavings. 

1  pound  of  lime. 

1  pound  of  salt. 

.  thi^ju^  :xran"iS^^-rnT;;r  r  "^  -^  --  '-^  ^'^-- 

dioxide  that  has  not  been  brought  do^^^tSe^b  J'  '?l"'"'"''  "">' •="•»"- 
'-  .»^'-"'  -  the  supporting  gJds  a^d  p^^f'^J^'TL  S^J^t""'""  "  f^" 
pair  of  compartments  as  shown  in  Fii  17  1^1  „  6  or  8  feet  so  as  to  form  a 
they  pass  through  each  layer^f  m.  'nil  V^  *^  '"^  ""  '^^  »»  «  *«»«« 
the  next  box  or  Les  of Xtren^'         ''""  *""  '^''"  '"''«  '="^"'"« 

the  h^nShrd'^S^lTSer^^^  r  "'="'°"  "  ^""^  ^"^  »'^'«'«'«-  o' 
(^*.0.)  th«.  it.  Sombin7^et«e«  F    S       '*"  '"'''^"  °'  *•«  '^"=  o""*' 

from'r  bSx^rJu  s:  ;;ir '^srs  r  -"- «'  "•"•=•'  *•  --ed 

for  .  certain  length  of  time  unUl^e  emirrm.teri:.  r''*;;'  "='^'"  '"  ♦"'  *~"'' 
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w.ch  the  n.-.-^rL3^^tj?-:s:::.r  t^r.^^^^^ 

a  medium-sized  plant  there  is^uSlv  altte^fT  *J*'  *"''  "^"''"tly  I" 
in  reserve,  so  that  orSTtZZttoX^ZZ^^^'^'''^^'^^-^''P^ 
order  for  removal  of  material  aZt^vSTS.  moS  L  tH  "'^  .^''  ^"""  '" 
bo,  is  let  down  o„«  in  12  months.   'Lur,  rafoke^rof  ^  0"^:^ 


Piliur*  17 


r;u?o7r  pTa"nt'ii'.S!'  v'^  r  '"•"  "^  *""'  '^  ^''  -«» '•"•*  »»>«  <l"'y 

uuipui  01  we  plant  is  500,000  cubic  feet  at  an  averarp  of  in  nr»  ™.Ki-, »    » 
ton  of^  the  amount  of  coa,  carbonized  Per  d;r;Tb:VpprTima5Sy  St^' 

pe    year  will  be    «^,  -81.11  tons,  and  from  this  the  necessary  capacity  of  the 
purifying  boxes  can  be  computed. 

and  iT?."  ;^'to  a':;:"  *'h'  r*'r  'v  "••"^  '•*  ~"""^"^-'  di.trib«tio„. 

■wurea.    Thl.  meter  may  be  of  the  wet  type,  the  rotary,  or  the  venturi; 
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holder  which  supplies  the  street  ma  „s     Ae'JL^ir'?  *"  ''^  *"  '"'  '"^'^' 
upon  the  water  level  within  the  meter  l^irtT^Zi    .T  ""^'"^^  "*'*•««» 
Citable  gauge,  and  must  be  kept  Tt  a  roJItlm       ^1   '^"*  ^  *''^  '«"**°'  by 
•urement.     The  axis  of  the  cvlind^  »  "^n't^nt  level  to  insure  an  accurate  mea 
-...  Which  record,  the  a^nt^rj^  ';.Zr^,r'^'  -^-'  -  "  -'-^L 
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ooerS^M  OPBRATION  AND  REPAIR:  When  putUng  a  coal  plant  in 
opcratiOT.  the  first  important  proceeding  is  that  of  heating  up  the  new  bench 
In  the  fi«t  p  ace  the  bench  should  have  been  aUowed  to  sLS  for  i TeaS^e 

^™  hlT  T  «""•»'**«»»'  '^^^^  ^^<^  ^  the  damper,  and  air  holes  shol 
have  been  >e|t  open  to  ensure  a  thorough  drying  out  of  the  setting.    When  the 

thu.  stage  while  ever  moisture  is  seen  to  arise  from  the  brickwork.  This  may  take 
Th^^H  J  ,r^r°"*''*  *"  '^**^"  conditions,  and  a  free  circulation  of  air 
S^^rvJ^'^r'^**''^^"''***^'='***^«^*»'«*'^»80od  supply 

fetn^l7»^-  ^^"^'^^t^  has  been  thoroughly  dried  out,  and  the  bJTcJ 
IS  to  be  heated  up  the  secondary  air  ports  are  first  closed,  after  which  the  fi^?„ 

JLS^nf^K  .:!!f  '^'"'^  '"•"'*  "P  '"*'  "^^^^  P'«*««'  «"■  When  theT 
SLl^  !?'  I^      '^"  f"  """^  *  "^'""  ''""  '^  ~'"'  the  secondary  air 

moH^'  "-"^  "'  ""''  **  ''*'^°«  temperature,  and  the  standpipes  should  be 

^H?"/!^'  ^f"""  "^"^  """'  "•**  *  '^^t^  •>'  "^^  «">«>»  half  the  usual 
quantity  placed  in  the  retorts.  It  should  be  here  noted  that  the  dip  pipes  Te 
sealed  in  the  hydraulic  main,  after  wWch  the  retort  doors  are  securefy'jren^d 
wien  the  gns  begins  to  distill  off. 

r^t^r  "T  '''*°*  h"  been  put  in  operation,  the  first  important  duty  of  the 

•W^T      J^u"  'I  '"**  •*'  ^"^"^  "P  '  ''^"^'y  °^  tbe  drawing  and  ch«-g! 

tf„r^      •       .  "'  ""^"^  "^  P'**°*  *'  ^^"^^  ""**  Period  andle  that  the 

sund-pipes  are  kept  clear.     It  may  here  be  pointed  out  that  a  portion  of  hydro! 

^Z  ^""^  '"  "^  '""!.  '*"P"'«=''  "•'•=°  P'**""^  "P  tbe  standpipes.  whil 
^^  u     m'  '"'^u^"  u"***  '°  '*°P  **«^"  "P      P"'  tbis  reason  the  foreman  in 

u^i  bar  which  IS  twisted  at  one  end  so  that  it  may  be  bored  through  the  de 
posits.  The  tool  used  for  ti,is  purpose  is  known  as  the  Auier  It  o^Lionir 
happens  that  the  deposit,  are  too  hard  to  be  broken  by  the  aS^r  L7^^^ 
orxurs  a  charge  must  be  mis«d,  the  connection  between  die  retort  and  hydraulic 
main  broken,  and  a  small  wood  fire  built  in  the  retort  mouthpiece.  This  wS 
usual  y  bum  out  the  carbon  or  loosen  it  so  that  it  may  be  .cmov^  by  the  au^ 

the  clU'  .      w  '"""  ""'*  "^  '""'="  ''"^  '""*  P'-^"'  '"  -  bot  retort  Si 
Siml^h!  M  ^^P'^^^'y  burned  out.     During  the  gasmaking  period  the 

foreman  should  give  frequent  attention  to  the  condition  of  the  producer  fire 

SfustT,  .  '  ""*'""  •*  "^"^  ""=  ""'  "•"»•=  »«-'»  •"  'be  flues,  and 

adjust  the  secondary  air  accordingly,  and  thereby  prevent  any  combustible 
matter  passing  up  the  chimney.  "i»"mc 

/".  *be  distiUation  of  coal,  a  portion  of  the  hydrocarbons  are  brought  in 
contact  with  the  hot  walls  of  the  retort  which  decomposes  them  So  Zr  cU 
ponent  parts.     This  Uberates  free  hydrogen  which  passes  off  in  the  g«  X 
U,e  carbon  .,  deposited  on  the  wall,  of  the  retort.    Th«ie  deposits  inc^  dally 

^^r?'  '^'"^  *^'  '®^'"*^^  •"«•  "^"^'^  °'  'he  retort,  and  in  d« 
courie  of  time  it  must  be  removed. 
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a  flue  along  the  bottom  T^^^^Zf  ^'^'^'  '"'•  **'"  '"^'«°t  "P 
aion,  the  sides  of  the  retort  ^l^r^^^rj  '"'^  '""^  '*  »««»  "^"^ 
the  carbon,  the  products  of  which  p^  ^0^^.*^/"'"^'  *^'  combustion  of 
for  the  incoming  air.  Tins  has  tte^^  ^^  standp.pe  which  provides  a  draft 
it  may  be  removed  by  chii  b^  °^  ''^'""^  ""^  "^'x^-  after  which 

P.«.^t  urireaT^d^^JiroiT""''  '^"^  -'=•'«•  -  '>~''en  in 
this  is  seen  it  is  necessai^I  pa3the  .^toitT "K."t**'r  "'"  *°"^'-  ^hen 
The  cement  used  iT^X  a  2ZL^  ^^  ^°^^  °^  ^''^""^  ""»  ""ent. 
Which  it  is  advisable  to  r^'ai.:^"^;^:^  ^Zf  '?''*^'  '""'  ^«='*'''  - 
r  ixture  is  kneeded  up  until  itTstS  Z^w^  vl '°  "^"^  '^'=''«^'     The 

retort,  the  flu,  begins^o  act  i^mSLT^^rmtnl^j;;  l^Z^!  «'  -« 

::rr^frth?=c:"rdi;£^^^^^^ 

-  ^t  wall,  retorts,  and  C^g  •::irry  ^^^---2  Su! 

Wncn  such  renewals  arr^  fn  Ka  j 
and  this  should  proceed  b^tS^J^^'fU  "  J"***^  *°  "^*  ""''''  ♦"'^  b'"**. 
•n  the  air  dam^T^d  n^y  dS^e's'^T!;"'"'  ''"^  "^'  ^^^  '^'-"•f 
new  charge  will  absorb  theTeat  froi^t^e  Jt^''  '^'^J^-  ^"^  ""'"  "*'"»  "«e 
been  well  carbonized,  the  conn^^^  ^  w"  n  the'^  1^"^  ^^  ^""^  "-« 
are  broken  and  plugged  off.  so  as  topTeventTe  .  k  r^^"'?  "'^  ''^'^'^•'=  "»*« 
retorts.  Under  these  cond  tiorthe  S  Jfl  .  "^  1  "^  '^*'^"«f '»»«  "«* 
e^ua,  contraction.and  after  sZZ.tl^lX::::ln'^lL^'^""''  ^■ 
the  Charges  with^wn.  when  the  re^onsTni^tSnta'Smmr^ce'^  '^'^  "•"• 

thnnfg?S:ZJr°^  rS'eti^Ji^r  '^T.^"  "^^  '^^  '' 
of  an  eriiauster.  This  may  b^  of  SL.  d«  '  T  '''""''  "  "  ''""^  *»"  "eans 
simplest  and  most  eflident  is^e  rryTylT^et'^^"  *"'  "^'"'^  "P'"'-'  »"« 
motor.  The  employment  of  the^«^^  •  ^  *  '*""  '^"«*"»  «*  ''ectric 
of  fireclay  retorts.  oJTg  the  the?  'S'rj/"*'"'''*'-  ^"^  "»« 'nt'-^uction 
at  which  they  could  be  operauS  ^e  ori^  T^^""?"' '"'«''  temperatures 
effect  the  withdrawal  of  g«  «  quicWv  LT7  °;-*::^j'  """  "''""**^'  '^a^  to 
-stance  offered  to  its  P^-S  X^ir  s^rbS^al,  rf^XT  "' 

muni^tirrSe'Ty^rml-'airjrr'";  ^^  **'  '''"^  '^  ^-  — 
and  a  third  on  the  ouUet  m^r'T?.!!!^         '^'"*''*'""^"  "'^be  exhauster. 

ir^luated  to  inches,  and  the  first  ga^rshoJ^  ~""**"*'  """^  «>'  -ter 
the  dip  pipe  «U  auowance  is  mide  'S.e  ZnH  J^^T  °'  *»•*  «»'>«■'  ^^t"^' 
m«»ins  from  the  retort  house  to  S.«?  f^  *°^  *••*  '"^t''^  '«  the  gas 
P««««  exerted  u^  .Jre^.^er'SvT'  *"!**"  "'*^  »^°'^  ">«  "S 
]Wththi.guid«Ke^thete^,S^^^J*'  -^^^^^       •""  P""^y«"f  P'ant. 
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COMPOSITION  OF  CRUDR  nn  .    -n. 
of  a  variety  of  hydrocarbons.  whi,i  may  «Sr' i^'^'**"  ?'  ""•*'  ""  »  «"»* 
according  to  the  following  table:  *'*"*°^'  "*»"***  *»■  «>W  state 

TABtE  ». 
CRUDE    Oil,     (ftiraffin  SeriM) 


Formula 


CH, 
CiH. 
CiRi 
CiB„ 

C.R,, 
Crflu 
CtH„ 
CUI„ 
C,Hi. 
C,,Hm 
CiiHti 
CiiHm 
CiiHi. 

C.diM 

Ci<R„ 
CiiRn 
C1.H1. 
Ci.H« 
CuHm 
CiiHif 

CbHi, 
CmB., 


Name  of  Compound 


Methane     ""^^^ 

Ethane .■.'.'.■,;.:::. 

Pfopane 

Butane 

P«.ta„e.."0^^°S 

Hexane    ... 

Heptane  

Octane 

Nomane 

Decane 

Endeeane 
Dodecane    . 
Tndecane 

Tetradecane 

Pentadecane... 

Hexadecane  

Octadecane 

Octadecane... 

Octadecane 

Octadecane 

Myrical. 
Ceryl, 


Percentage 
of  Carbon 


75.00 
80.00 
81.81 
82.80 

83.33 

83.72 

84.00 

84.31 

84.38 

84.81 

84.61 

84.70 

84.78 

84.85 

84.90 

84.94 

85.04 

85.11 

85.18 

85.23 


Percentage 
"Hydrogen 


25.00 
20.00 
18.19 
17.20 

16.67 

16.28 

16.00 

16.79 

15.62 

15.49 

15.39 

15.30 

15.22 

15.15 

15.10 

15.06 

14.96 

14.80 

14.82 

14.77 


Boiling  Point 
Degs.  F. 


253 
135 
49 
34 

86 

156 

208 

257 

277 

316 

360 

386 

430 

463 

497 

536 

536 

536 

536 

536 

836 
690 


TThis  series  of  hydrocarbons  are  known 


as  each  individual  hydrocarh.,,  hZl  7°-  ^  *^^  P<^f<^ffin  or  methane  series 
methane  CH,.  ^vS^^^to^.l^S::'}'^  ^^  ^  <>'  the  series,  which  S 
the  number  of  hydrogen  atoms  is  tiT^i  ^  ""-Pound,  it  is  seen  that 
from  which  arises  th^geneSl To^^J^nll  n!^^  ''' ^^  **°"^  P'-  *-<>. 
frequenUy  symbolized  The^ ChTII  "*■  '  ^^  **"**  ^^  P"'"^"  ^^^es  is 
about  35  different  compounrjTbSuo  -V'"''^  "^  '""^  *^^'''  ^""^  fr""  «* 
stote.  *^  "'""P'""K">Kfro«nthegaseousto  the  solid 

are  ^^I'^Zt^i^^SS^^STj^^  TT  '"— '  ^«  «-  ^o- 
volatilizes  at  Sd'P     Fro^tbr^Tt^    ^ ''^  "^^  ^''"'^'^'-^'''''^^  C./^,. 

«n«lually  rise  to  the  solid  LeihtiUs'"!'""^^  "'  ^^  ^""^^  «"»P«>"nds 
to  affect  distiUation.  "  "  '"  ""^^^O^  to  employ  high  temperatures 

series'S'vLS:  ^";^::t  Zts7Zr"'''V''''  -^  '^  «-^  of  other 
CH.  is  the  simplest     -^h^,  Jt  f"' "L*".""  .'  »»>«  «'««"«".  of  which  etk^ien. 


from  which  it  is 


"un.  wmcn  It  is  seen  that  the''n!!fi '"  ""'"""^  *°  ^^  *^^  «^""^  '""nula  CnH^n 

paraa.  t. ..  .-^-— r  rbfe^ST-^:—  -"  - 

^rtifs  riiZras'th^r/r  ^  'r'''  r  --^--helr  pro- 
than  the  paraffin  serie.,.  3„d  havTVhT^rn  J^""  T'  *"'*'^"'-  ""^  «»»densed 
properties.  This  series  wWch  have  'C'!"™"'*  ".""^  °"fi''«'  but  different 
different  properties,  are  known  LthpT  '=7'^'"°"  *"  ^°t'«'  *ries,  but 
the  same  compositi;n;  henceThe  41^!!:!  "Li".'  ^^  "^-^ch  they  have 


are  isomers  of  the  olefines. 


u 
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w. 


anH  J^?"*  fri«  » the  acetyhne.  which  is  designated  by  the  formula  Cn  H^    2 
SesTrC;:^'^'^'""^'^-^-^-'^     '^^^^^^'^ 

cnJ^^t.  sjToah^^r^re  crrd  r  '^  ^-^  ^-^""^  ^°™"^ 

toasthear^.^es.or.';r:;:^?-;^:J^-^^^^^^^ 

The  composition  of  petroleum  varies  in  diflferent  locaUties  anH  th.  A™.  • 
oils  consist  chieffy  of  hvdrocarhnnr  nf  ♦»,.  „      «         'ocauues,  and  the  Amencan 

u»  M^i,™  „;    '  "^  "*■ "  "•  •^«'  """«■ '»"'» ■«"ii4  to 

TABLE  10. 
SPECIFIC  GRAVmeS  CORRSSPONDING  TO  BEAUME  HYDROMETER 


10 

1.0000 

11 

.092B 

12 

.9859 

13 

.9790 

14 

.9722 

IS 

.9655 

16 

.9589 

17 

.9524 

18 

.9469 

19 

.9396 

20 

.9333 

21 

.9271 

22 

.9210 

23 

.0150 

24 

9091 

2S 

.9032 

2fi 

.8074 

27 

.8919 

28 

.8861 

.8803 

30      1 

.8750 

31 
32 
33 
34 
35 
30 
37 
38 
39 
40 
41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 


.8605 
.8642 
.8589 
.8536 
.8484 
.8434 
.8383 
.8333 
.8284 
.8235 
.8187 
.8139 
.8092 
.8046 
.8000 
.7958 
.7900 
.7860 
7R2I 
.7778 
.7735 
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for  the  lightest  oU-pentane     ThTin^Lt  ^  "^  ""^^  °^  ^  OOOSS 

for  very  accurate  work,  »^  as  ex^'^fnt^     "^^u""*  «*ffi°«=°t«  «  only  used 

140 
Spec.  Gravity  «    - 

for  instance,  if  the  read  „g  is  60«B..  the  specific^^atjy  is 

140 

— =  .7368. 

130+60 

The  gravity  at  a  temperature  other  than  60°!?     u  »i      .  ^ 
when  the  temperature  is  below  cm-  =.h™T  *i,     ?    .      '  ^  ^^'^^ated  or  depressed 
multiplying  every  l^F  by  oS^  „„h     l?'  ""  '"'^  '""'  ^  '''''^^  by 

«.  oil  with  a  sScififgJa^ir^f  "Ji^t^r'^wl^ft^  "^'''"^'^^  -'=''« 
{l«X.004)-.7428.  •  ''*^'*  be  corrected  to  .7368+ 

to  pr^luce  tbeVeatesrt^Trtlr  iirSU^s""^^^^^  '*!  ''T''^''^'^ 
only  by  analysis.  ^    ^  *^***-     "»«  can  be  determined 

oi.  isTfoJa^on  o^Jl^g^JaT  sXrtT  ^^^^^^ ^^^  '"^  ^he  u.  of  fuel 
regulations  regarding  the  pre^ntio„^r&^''  T"  '^  "?*  ^''"^  ''^'  """  -*« 
different  states  and  provinces.  bJt  Tn  M  tL  .'  .7* "  '"^  ''""^"''^*  '" 
tank  with  plates  of  definite  sizes  accordS^T^^;!,  '^  '  ^°'/  ''"^'  constructed 
gallon  tank  would  invariably  reXa  3/16  Lh  !tTT*''  °^  '^'  '=*"''  ^  ^■ 
Whilst  up  to  10.000  they  woLdUr^/f/rstlf^;?^  ^-^ 

are  f^qlS'^ltdlnT^Sal^aV'^^^^  T'^"^'  -'^  -^"  *-'» 
oil  is  used,  whilst  tanksLed  in  con^ecHo'  !!!^  '^'  ^""'"^'^  '°°'"  '"  *bich  the 
processes  in  which  the  o  lis  n'ded  t  L""  '''""  '^"'"  "  ""'"  '"''"^^^ 
above  the  ground  in  cone  ete  ba^'ns  'Lt''  T^f^""'  "'  '^'^""^"^  '-''»cd 
sprays  by  gravity.  '  ^"'^  "'  ^'^^P*^''  »"  f^^d  the  oil  burners  or 

i«.  aidrirbtttr^bisirc:?:  t\  -  •'^^  *^  "•"--«»  -  ^^^ 

undesirable.  ousinesscs  of  a  similar  nature  in  which  solid  fuel  is 

The  location  of  tanks  influences  the  «vsf»™  „»      .     j. 
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It  necessary  to  unload  the  car  bv  n«n»,7„  ^"'°'*""'-    ^hui  arrangement  makes 


figure  19 


Figure  20 
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to  «Se^r^tettt?ro:x^  n'-T-  ^  ^•^-^  '^  *^  »''^«'»^ 

atomized.    The  system  Tf  ^.I?-  ""'*^  *'«'  «^'«'"«  "  ^o  be  more  easily 

of  the  plan,  .LZ^^i  ^ZlZ^oTr:"^'  "'""  ^^  """  -''  P-^ 
bined.  Inlar^einstaUatio^r^ultSrs;:  ^C^r^^^^  ''''''''  ™"'- 
by  hve  steam,  whilst  in  small  units  as  in  th.  k  u  m?  * ''"' "''  ""^  ^  *"««*«> 
process,  the  exhaust  steam  from  ^plmS  is  SeS  ^f "  ^  "^h-  ''^^  "eat 
shown  m  Fig.  20  in  which  the  dischariTrLl  "  o't^'  *f  °^  "*''  ^'^^  " 

constant  by  means  of  a  governor  actuaLTrnThfo^Hnr'"  "'''  "'^'^^"^^"^ 


trfAAn 


OtL 


Figure  21 


mixing  with  the  oil  vapors  in  the  combus  ion  oh"  k'  ""^"«''°«  P'^evious  to 
connecUon  with  a  tubular  steam  I^i'^TnSr^,^'  .  ^'^  '^  '""^^^*ed  in 
supply  is  from  the  rear  of  the  boSr  and  Sf .  » '"  '^  "^  '*  ''  '"*"  ^''^^  ^^"^  «'' 
before  entering  the  combustron  chamber  ""'  **""  '^"^♦'  "'  *"«  setting 

suppj'^  ^'Z^l^'S'lfZZ^^.  ••  '--'V  influenced  by  the  air 
flame  without  smoke,  but  this  S  '  ot  Z  •  T  "^  "^^  P'°d"ction  of  a  clear 
or  not.  The  results  of  the  combTstr  oTc^^b^nt^J'^^.^j  T^^  '"  ""^"^ 
of  100  per  cent,  carbon  was  burned  in  art...?  7  .'    ^  '^  *  '"^1  consisting 

of  CO,  present  in  the  flue  gases  would  beSrl  '"?"'"  °^  *'''  "^^  Percentage 
fuel  oil  is  a  variety  of  hydri^bons  If  t^in.J  ."""  '^^  ^^""P^ition  of 
carbon  decreases  and  the  hydrr^enTn^.Z7  ^  "r*""'  *"'*  ^''e  percentage  of 
that  this  percentage  of  car  Jon  SSe  i,T  ""  '"""f*""  '^^'"^  »'  -■'»>  ^he  result 
tical  CO,  obtained  bv  compete  ZbJstionTe:"?"'-  "^^  ""'""'»  ^^eore- 
bon  in  the  oil,  and  under  the  L^^nHi!  fV^^  °"  "-^^  Percentage  of  car- 

the  CO,  is  usually  about  l?L'T4^Tc^^Cn™^"^'"^^''''  air  supp,,, 
that  required  for  combustion,  the  percentL  nTrr.  ^'!  """^'^  '"  '"  excess  to 
m  relation  to  it.  and  a  large  kmoXfJeTis If '  '^""^  '"'^  «"^  ^  '»— « 

"  '*  "**•      The  mamtenance  of  the 
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wrrect  volume  of  air  is  there/ore  an  important  factor  «.ri  .  rrx  .-      . 

•trument  is  a  desirable  addition  to  th-  n^  '    .     *  ^°«  ncon^ng  in- 

•bo  be  occasionaUy  rec1«JT  ,  .Shi  T"*  «"^P°«>t-  Thi«  AouM 
the  carbon  monoxide  CO^:,;Sco^:7^^^^  '*  '"*«'°^-« 
Ub.e  shows  the  relation  uT^l  C^l^'-J:''^^^^^^.  ^'  "^""""^ 

TAI5I.-     u  (DUNN). 

.__  •'  UE    O^SES  (CO.). 
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>  '•  Th.  17.  loHcs 
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The  CO,  recording  instrument  should  be  located  af  o  ««.       ■    . 
where  it  can  be  easily  read  and  th,.  .oT  i-      .  ^  convenient  position 

junction  with  the  recorder  and  the  dr«ft  Zt    a     f.  ^  "^^^  ">  "»»- 

is  below  the  normal.     ThT  portaWe  T^l'T    "'*""  "^^  Percentage  of  CO. 
gases  is  illustrated  in  Fig  1^  Ch"ptr9  '=°'"'*^''  "^^^^  °'  ^'^  «- 

Which  ^itelhey  hIJ:  Zn^'^^^Tj'''^  "^^  »««  ^^^  ^  ^e.  during 
Prc.nt  time  the^  are  ^^T^.Tjl^Tr^^TZ  7^^^'l,  "' 

steam  generation  in  oil  burning  dSt^ts  w^el  th    f  ',       ^°  '^'^'^^  "^  ^^^ 
«nd  for  maritime  purposes     K,lw?„.t«         '''"  """^^^^'^^^  ^^ 
burner  at  O,  and  st3  o    air  ^5     Ae     !  •""'^*^/"''  *»•«=  °"  «  '«»  to  the 
through  which  the  flo^is  re^t  d  by  ^r  whl^T  "^""?^  *^'  "^  ^""^  '' 
conical  end  of  the  atomizerV    The^^     which  has  a  pointed  end  fitting  the 

radial  perforations  i^^^^  tl^^l^L^^^Tt  tltT'i:'  *"""* 
under  pressure,  and  broken  uo  into  «  fi„»  ~     '^  "**  ^^  "*«""  ««•  «r 

...  .,^,„  «„  ,„ ...  ir  :;r,^-  .;^.Tzt,  *rs,t:s 
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•ture  by  radiation  from  the  .team  So«Si^t  J  T^*"  "^  ^'  ""°^'- 
In  the  prevK,«,  iUustration  it  i*Ln  Zt  th^*^?  !!  ""  *"**  "*""  *"*»  «"'^«^ 
«  paraUel  for  this  purp<^  i  TL^^  .  u  '^'*  ""*"  P"«  *°  ""«  •»°«i«' 
of  theoU  bdow  the  flS^nt  JlX^e'v  rTr'''°  """  *^*  temperature 
crinm  in  the  burner  tip^^oweTXTL  f  t"  "  "^^^^ 

If  the  temperature  is  raL  «  W I  „       ^?  "'*'''  °'  "*'  ''"™'^'  considerably 

«-.  ^olnt^t  reXZ's^at^'t^irTb^ru?:;;'^  T'^  '^'"^  '^' 
more  complete.  "*  "P  ""^  °'''  ^n*"  atomization  is 


Figure  2'.' 


CHKMISTRY  Ol  OIL  GAS  Ti.»  „i.  •  .  . 
destructive  distiUation  of  oU  for ^  prlSuctfon"^;!  T.?"  '""'"^  '°  »'"' 
tructive  distiUation  of  c.  ,al  TTie^ecom^ v  T  **  *'*'^  '^^'^  "^  '»  ^"^  "In- 
different grades  of  oil.  but  in  «nertl  ?Z  r*  .T"*'  "^^  ^««''«y  ^^^h 
t««:  heat  causes  the  hydri:LZ,  of  T""  «"  ^''^^  "*"  application  of  in- 
into  those  of  the  olefines  C^n  ih  ttun^to"  """  ^'"''"+'  '''  ""^'^^ 
to  high  temperatures  into  benlinelcn  if  „^  ^r/""..""  "'"*'"""^  ^'"^"^^ 
the  napthale,     Cn/..n-,2?nTa:^S.^^^^:if3"2er-  -P-<i-^  of 

aton.,  and  producing  compounrthrch  contt!^  T"*""^  "'  *^^''  "'^-^'^"^ 
and  if  the  decomposition  is  cj^ed  toL  f^r?^  ^'  Percentages  of  carl   m; 

be  deposited  withVthe  distiSon  Tl^  ^"-"pounds  high  in  carbon  Hll 
tice  of  oil  gas  n,anufaLrSelutj  h^dr^"  '\  ^°"'  '''''  '"  "«^'"-  ^-- 
with  heated  surfaces  under  suiSwel'nerfri"'  '"""^'•^  '"'•  ''"*^« 
up  completed  hydrocartS^^s   It  th"  e'^^^^         ^'^'^  '^^  »'"=  ^^^^^  of  breaking 

however,  that  thi  decom^^i  1  jfi"  JIh,  """''  ~™P°-«--  I*  ^^  found 
Pom.ds  high  in  carbons  aTtn^  of  ^^tf  "^f^  "'  ''' '"''  ^  "«  "'  -"■ 
in  the  design  of  oil  gas  apparrt^"!  2'  Z  '^^""T  ''"'"''  "  "^  '^^onsidered 
with  the  efficient  operation  oTS^plant  '"*  °'  **"^  '^''^'^  '=''-"'♦''»» 

triedTvitl^'wr^^'i'';;' p.^^J'^^^^^  °^  •^'^  '--  «-''^-  o.:  i  as  been 
took  out  a  patent  in  Eng"and  "oTTmeTh^lTr  "  '"'"  "^  ''''  "''^  ^-'^- 
transportation.  The  fir'st  pint  hot-ve^  If  •:°7.^^'"«  »»>-  «-  "to  tanks  for 
/«/.«5  Pintsch  in  1873.  which  consisted  of  nn    "  *  =°'P*'"*"^-  w.    patented  by 

conveyed  and  delivered  into  a  ZhSe^^rhr  ^ '^t""  ^'    V""  "  ""^ 

.  icu.      ini    ~.er-    a  to  evapor- 
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s:t"%?vreS\;Tsrs/rart:  '3  -r «""  ^^^  -- 

The  gases  were  then  passed  through  a  vSi^L  f  '^f'""'^''*  «o^- 
and  compressed  into  tanks  for  tra^^^a^S  .t^,""*"*^"^^'  ^«-  Purification 
were  widely  used  for  the  manufaTi^nf  »  '"*"*  ^"^^  *»"=«=  PJ^nts 

lighting  on  the  Passenger  TS^^^^^^^^^^f'''^.  «-^.  Particular!;  for 
made  under  these  conditions  is  verylZ.  and^t  il  ™"°!,'"^  '""""'  °'  «»** 
mercal  purposes  without  being  diluted  with  ,      "^  "^^tributed  for  corn- 

methods  of  manufacture  the  pfo^rma^i^  IT  "'  '"*"  "**""  ^"  »«1«^"' 
according  to  the  quality  of  gas  d^!^     '^  ^  ""'"'  continuous  or  intermittent. 

In  the  continuous  process   whirh  U  ..        t     .^ 
industrial  purposes,  the  princi;ie  involveJ7s  tS^at    f'  "1""^*^*"^^  "'  «««*«  for 
tween  an  hydrocarbon  and  air  to  affirt  ^i,,         "    P":"^"""*  interaction  be 
perature  of  the  generating  appa^^tus  '^""'usUon  to  keep  up  the  tern- 

period  is  of  a  few  minufes'  dura  ion      This, v  ""^  '^temately,  and  each 

facture  of  gases  for  commerciaSbuS,      n  T  't.^^P'^^^l  f-  ^e  manu- 
produced  are  entirely  the  producu  from  oT     .^  u  u  "^^  «>n<«tions  the  gases 
a. J  calorific  value,  and  is  t^  rich t  Se  LnomTSit  5".  ^^'^  "***•  i»uminating 
diluted  with  water  gas  (H,+CO)  to  alS^  '^      *"^"*"'      '*  '"■  '^'^f"^-- 
■s  in  the  region  of  600  B.tI U   Jr  c£cT\     ^u'  "^  '^"^  '^'^  fi"^'  ""«"'e 
development  of  the  original  water^Ln,      '°°*-    .^^e  intermittent  process  is  a 
by  t:  e  «me  author  ''Elt^nU  rrtefS:;"  Se  w  t""^*^  ^""^  '"  ^  ^^^ 
bnefly,  of  a  generator,  carburetter  and  su^rh..?      ^  *^'"  aPParatus  consists, 
provided  with  grate  bars  on  whicrisieot Tt^  f '  J""  '^"''^'"^  '^  »  ^'>'""'>" 
description.     The  carburetter  and  «.ZV  ^      '^'^"  containing  fuel  of  varied 
for  the  absorption  .nd^l  ^  i^j'orh'^atrt"  ff"  "/"'  "''"  ^'••"•^^  »'"«=''-^ 
the  heating  period  a  blast  of  airTs  pa^^  th  ouITV*"?"  °'  '"^  P"«^      '" 
ra.ses  it  to  incandescence  and  geierat^o  ?  i  ?'    ""  '"  *^'  «"''«'''''^'  ''"'ch 
reduced  to  CO  on  passing  up  theTuc'         hi  rn        """"J"^  "'  '"^  '^'  -•»'«="  » 
superheater  to  be  met  by  ^V^  air' L- k  ""^  *'*"'' ^'*"'"^'^"«'- "»<» 
heat  to  the  checkerwork  aXai^  tie  tem^r  ?""*'  "  ^'''      ^^'^  '"P"^'" 
period  continues  for  three  or  four  mLt '  T^'^^'  *°  ^"^  ^«=<iuired.     This 
passed  to  the  atmosphere      Sien  X   '         ^^'  *'""  "*'  '*''""  *"**='  "^^ 

Paratus  is  closed  in  L  with  a  gl  holdert"f  '*""'  -"""cnces.  the  ap- 
in  the  generator,  whilst  oil  is  pit^d^to  '.h  k""  ""^  *''™"8h  '"e  fuel 
broken  up  by  the  intense  heat  Td  tt  n  .'^"''"'•'=««-     The  steam  H.O  is 

duce  carbon  monoxide,  and'^c  h^  '  LTJ  ^J^'"  Z''^  '"-^  '^'"'-"  '°  P- 
in  the  carburetter  are  mixed  JTth  SeTa"er  l^S""  •  V"'  "'  ^"^^^  ^''^"^ 
of  gases  permanently  fixed  on  oLZl  Thr  1  u  •^""^"«='«.  and  the  mixt..re 
period  continues  for  about  five  Zm Js  af"tS  ^  V'P?'"^'''"-  -""c  gasmaking 
by  air  and  the  blasting  peri:.;  "  Imm  nL  "^I'f  T  '"  '"  *"  ''^'^'^ 
cubic  feet  in  this  process  is  approximatTlv\T  T^  /"""'  «'"»'""«d  |Hrr  1,000 
Perial)  of  oil.  These  figures  vlrv  illh  »  r'"*''  °'  "^  """^  '^  «='"«>"'•  ('•»- 
of  fuel.  "^"^  '"^''  somewhat  with  operating  conditions  and  classes 

>  m  tfiat  oil  „  u«J  for  heating  instead  of  solid  fuel. 
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The  oil  gas  can  be  made  in  the  wa»», 

ehecterbricks  the  same  as  Z  ^St^Z'T  '".'^'^  "^^  «^--«^-  -^h 
burners  for  combustion  duriuK  theTelV  ^-Perheater.  and  employing  oil 

ao^rding  to  this  system  drLrLSSZ'^°*';    '^'  »*n"f-tL  of^^J 
product  direct  from  the  wells  Tr^HZfZ  T^,'''^'  "'  **•'•  '«''  "»-  "'<•« 

The  use  of  crude  oil  o«..c,»      ^  ^"^'^  ""^  •»«  «««» 

breaking  up  of  Str^^r <:«;£  ^  r'- -  ^^  ^^^^^^^^^  by  the 
-bon  and  hydrogen.     Se  rdaUvTp'Ct'L  Sl^'"''!;  ''"''.  '''^''''^  o'^«e 
the  temperature  of  the  checkerbrick  1^°^  °  u   f      "^  *'  '"  '"fl"««=«l  by 
greater  proportion  of  carbon.     It"s  ne^saJl  J^        **  '^'^  '"^^"'"^  «*«?«*»  » 
«s  possible  in  order  to  obtain  4e  S^"'"'  *°  "'^P  *he  heats  as  high 
The  temperature  of  the  apparat^fX^f^f"  T^'°^  gas  per  gaUon  of  cJl. 
and  may  be  200=  or  500-  ?  le«  .t  S^e  end '  f^.'"*""  "^^  ™"  «^  «■«  commences, 
«  evident,  then,  that  the  cor,^t  th^etTcf.  /        "*"  ""'  **  *'"^  '^K*""^''*-     I 
mg  is  between  the  two  poin^S^d  ulSe  SLL'"'*:'*"'"  '"^  ^'»«'"''«='^  «'»«ak- 
of  carbon  is  deposited  «  the  ZSZ  S^eT    'T  '""^  '^^«'*  P'«>P«rti<»n 
correct  temperature.  «Pnmng  of  the  run  when  the  heat  is  above  the 

sidera;i:';:3LXlffi^^^^  «•;  -«-  OeP^-ts  caused  a  co„- 

tem  has  been  improved  by  <SdiS  sL^m  STT  ."'  '"  "^"^  ^^"»  ^"  'y"" 
water  gas,  and  also  using  water  gL  ^e^L™/^  ''^^  ^"^  '»«=  «="bon  and  generate 
a  suuable  atmosphere  and  a.t  as  a  catXtS  "  f  "*'f*"  "PP"**"'  »«  Produce 
of  oil.  "    catalyzmg  agent  .n  the  destructive  distiUation 

JONES  PaODUCEH     Ti,«  T 
designs  of  apparatus  for  making  •■crS"JrwT'**  ^.?^'''^  "  '^  «>'  ^^e  be.t 
P.o.^intheWesternState,of'Amre;."^Kr;;«T^?:>,^^^^^ 

-  .a^:r";^Sirrorg^  t^rrr  ^d""  '"■  --^^-^  -  -^^. 

rectangular  throat  piece  /.     The  gen  JS^  a^"?  "connected  therewith  by  a 
factory  material,  and  are  divided  by  S^^.'l"^  -th  firebrick  or  other're- 
C  .  C  ',  C.     The  space  between  tui    u      .         "*'  '^     *"  form  chambers  C 
firebrick,  the  Purpose'of  wSrto^tore  r         ^""^  "**"  "  ^"-''e-^k  tf 
tn-ctive  distillation  of  oil  during  .he  tmakririoS"'  ^'  '^""^  ^"  «"«  ««- 

air  -ir'p^;r„°^•':;:~*^^^^^^^^  »  valve  V  for  the  admission  of 

or  near  the  middle  of  the  longer  generator  G'  h'  ^'"'T*  '""^  "PP""*'"'-  "-d  at 
0/or  both  generators.  At  the  bfuom  „7  '  '"^ '"  ''^»*«*  »  common  outlet 
•for  the  adm.ssion  of  secondly  J  TnS.^ri"  ""l'  *"'"  "  ""«''»  »«  '^« 

' "  ;:r '"  ^""^' '"  "'"-'•'"  --r  ;oX:;rpjr  ^"'- 
-ted  p^  tz=T^:^s^t '"  ^^ — '•  «- 

U.  tH    ^:'"\»''""'  optional  secoSy  1"."^^  ,  1^',^ J°'  ™"'*'"^"°-  » 

^  the  chambers  in  a  wave  lit.  «„.  '  ""**  ^'^  burning  gases  oass 
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s^Xir::rc:^rs«  -  ^--e  or  ^. .,,  ^,  ,..,„, 

and  then  dosing  stack  vXe  5  oSnf  ^e  hT^  ^'^'P'^'i  V.  respectively 
or  partiaUy  constuned  in  l«nwT  f„H  k  ^'^*'"^  '^'°^  ^^  «»  »  wholly 
deposited  on  the  checlce^^k^f^e  ^^^T"    "  ""  "*"^'''"=''  «  '--*»"' 


I'igurc24 

When  the  heating  air  and  oil  supply  has  h«.n  «.♦  „« 
and  carbon  monoxide  gases  are  brought  thr™^  /  "  ""**""  "^  hydrogen 

C  and  C"  respectively^irdrmS^..  ^  ^  "'f"'  ^  '^'^  ^"  '«»°  ^»«"»bers 
pipe  p.  The  steam  in  th7p««^clTth.  .  oV"^f  "^  '*'""'  "  "'^  "^«»» 
the  heaUng  period,  is  decom^^d  to  fot  w  .  "  ^'"^"^  P"^"""  «'«ring 

O  ar.d  produces  an  initial  and  0.^^  -^      '"''"  ""^  chambers  C  and 

destructive  distillaUonTdMakeriT'^  f""""'^''  '"  "W*^"  the 

through  pipes  O'  and  O"  i^l  fine  ato^iL  .  ?""'''/'  '"'*  "'  *»  »""  '"J^-t^d 
prese..ce  of  the  hydrogen  cLb^  Z^^,  "'";  *"^  "*'  '^^  '^•'""^  "P  •«  the 
and  through  the  chamSJ  r  a^  S  rcs^J:.!!",'  "r'^L"*"'"^  »'~"'  P"*"  to 
provided  With  an  hydraulic  seall  p;evenTtrL  °  ^  '"  T'*  ^'  *'''^''  » 
ng  period  when  the  stack  valve  is  0^,7  Aft  th"  "^''  ""*  "*'  ""'' 
for  a  given  lensth  nf  time  the  chrrL  t  '     '""'""'^  P'""*  procrrd, 

and  oil  are  cut  off  for  The   e^tr""    T  Z"  *"^'  ""'*  ""^  '^'"•"»''in«  'team 
de«:ribed.  '"'  "-«»«"''"«"ment  of  a  heating  period  as  prtvio^ 
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CONTINUOUS  PROCESS-  Tho  ~--- 
for  industrial  purpo^s.  and  ttVprin^plTSv!^'  '^^  ",  '«^«^«''3'  «>itable 
proportion  of  .ir  to  affect  partiaf^Sm  rtjt  "       *  f  '•*"'"'"«  «*  «'««ve 
generating  apparatus  """bustion  to  keep  up  the  temperature  of  the 


Figure  25 

A  u^«rri„tThSrn^L;s?:r A*"'"*™^  ^" "'-  =^*  -  =»• '-  ''•"^h 

duit  «'  and  injector  a".  Xl^Lt^'  '  r^  ■"'  '%'"^'^  '""'"^  ^'■'  in- 

stitute, an  important  unit  in  the^dent  o^T  "T/""'' '"  ^'«  ^S.  and  con- 
to  control  the  mixture  of  ai?  anS  c5   ^JeT    7  1""'  """"'"*'»•  '"«'  ^^^ 

oil  by  means  of  tube  6'.  which  dips  inS^e^^^^^^TT  1  'T  .^'  ""'  ^"^ 
jector  through  pipe  C  Fii  24  an^„^     reservoir  ft        The  oil  is  led  to  the  in- 

"kept  sn.ht,vXve'th^*nitar«:rm'et  ':^Z''-  ?  't  '^^  '"""'^ 
«JI  times;    an  overflow  being  prov^dedTrf  »'    .  ^     ^•^'""'tant  level  is  kept  at 

Fig.  24.  maintarns  a  constant  a?rpre,sL,„H  "  ""  ''''  '^*«*'     ^  P">«  '''. 

rf".  Fig.  28.  The  oil  supply  to  he  retort' ^^^  ""^T  .TA"  '*''=  "P"*^"  "'»^«  »»»«  °» 
needle  valve  .,  and  f^.Z^L^  f  ".*='*''°."«*  ''y  the  adjustment  of  a 
maintained  by  a  com'^^T  25  id  h  ,  -'  "''     '"''  "'  """"^  '» 

which  feed,  into  pipe  B  and  the  of  U  f",  ^  i""'  ''"^  "''  *'''°"«h  "  '"be  /" 
ing  «ich  a  rel.tii.'To  tke  prir  '^  '"  ^""^  "  »"  «--  «»  a  pressure  bear- 

taineH  .«bst.«ti.^.y  cou.a:tr";l:t\?r';rL^Vr:r  '""'""  ^'^^  '^  '^^^ 
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to  shifting  !'  '7"f  '"  '""^iT"^  '"'  »'*»''  °^  «  P"»P  C.  which  is  connected 
to  shafting  g     and  operated  from  a  small  motor  which  also  operates  the  n^r 

jector.     A  branch  pipe  A'  leads  from  the  air  main  /"  to  the  oil  tarJc  t  and  in 
troduces  an  a.r  pressure  on  the  surface  of  the  oil  equal  t^the  preture^f  4; 

*  / 


Fiiian  20 


r-'>^''^'"X:n^\L^^^^^^^  the.  pa.  into 

of  the  arrow  and  finally  discharge  tLou^  J    c^S'?' "to  'th^  '•'^•'" 
apphances  through  the  medium  of  a  smalf  gas  resemSr  «=o„«,mmg 

by  -anro"?trhTrtVp"rgrin";;  "'""•;r'  -'^  -'•  *^'  *•  »"-- 

around  the  retort      The  bur^^Tfl      '.u       '^'"'*'  **''°"«''  *''«  "«'•'  ««  J"' 

introduced  into  chamLr  r'  i*  XV  «"  ""'  "'""^  '"^  '""  *''  *«"  "« 
The  products  of  comh„/H„„  .v  '  vigorous  combustion  takes  place 

through  pip^ ;  tX  ":Sc  -^jeT^h'r*' """  ^  •"*''  ''-'^ «-  ^  -<» 

branch  pipe  A"  from  the  air  t^i^K^  i  's  supp,,ed  with  air  by  means  of  a 
oil  line  C  ■*"  ""*  ^'  ""**  ^^t*"  «>  by  branch  pipe  J?  from  the 
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The  needle  valve  e  carries  a  noin»«,  c    •.•  .^ 
JiJ  S'  and  Shows  the  ex^S;itro7tfetlt"°;^  "'"/  '^^^  «'«'-»«' 
first  heated,  the  valve  E  is  c^  anH  l.!!!*?^    \  ^'°  *^*  «*««  setting  is 

.?a  dS"T  ''^  ^""^  -oi^a.^  ral^VriS-y-  ST  "^  ""^  ^  """' 
«  a  desired  value,  and  the  oil  reservoir  A  ^nTi     l^  ""^  *""  "  then  put 

the  valve   V  is  opened.  whiliTn^^Suc^^'S^tt' '"L'"* '^"'•' ^^^^ -''^ 
valve  £  is  then  opened  gradually  ^  steSl^„         ~°*'"'*  "'•     "^^  »«««»« 
mixture  of  oil  and  air  enters  the  heated  retS        T  ?"  ?'  '"'"'"'•  •"•«»  »«>« 
back  flow  of  air  or  oil  from  the  feed  de^^'  r        !**.  """^"^  ''  P'*^*^""  "^ 
oil  IS  volatilized  and  the  vapor  tran,v„^\      "  ^^^%  the  hot  retort  the 
effect  of  producing  chem^rre^Z         '^**"''  **"  "^^  '"  *Wch  hw  toe 
«dtheproducUrofaSorS,,r"'^^^  by  partial  co„bu.t!J; 
until  a  gas  is  produced  which  possess^  th/^'  •  ^   °^*'"'  ''*'^*  ^  »  adjusted 
t.on^  after  which  the  ProducSr^tinJef  S,S  f  ^r*""' "'' ~"'-'- 
fixed  gases  discharge  from  the  retortThr„rt  *T  ^"^"'  attention.     The 

the  pipe  a',  and  is  adapted  otl^  S^^d^f  ~"'"':!  ^"  ""«*  '"«'0"»d« 
vaporized  previous  to  entering  tSl  re^^    '"•^'  "^  *^**  ^"^  «'  »  Partially 

.     ^^en  it  is  desired  to  make  a  ffaa  of  i„-     ,    -^ 
a.r  can  be  increased,  and  the  tempemj^?,  T^^t  "*""''  ^*  "*««»»*«*  of 
^al  combustion  without  extS  ^1^"*%"*^  f"  "^  °^^°«»  «»'' 
mm,  require  a  litOe  external  hearing  „d2«  .-.«?*.  f^'  '•'•**^'^'  ^^e 
of  the  gas  from  main  Jf "  to  chambi"  «^hv  «    %'*''**  '*''  "**''«  » «««<<«» 
o    the   retort  is  usually  from  HS' To  l^^/^^::    '^^  ^""Pe'atur* 
of  gas  desired.     The  air  for  combwrion  nf  fK         '•    "^*'"*  **»    t»>e    quality 
duit  r  by  way  of  valve  .'  aTbrtrpt  ^'^aidlT""?  "^"^^"^  ^"  «>- 
to  the  retort  hearing  chamber  «'  throuThoIe;   "  "  "■*"  *^'  ""«»«  " 

e.ectn?^^l.ir/'-l-  ---  .^  '^^^^7  of  the  thermo- 
pressures.  and  consequently  varyT rat  «  of  T  !!^  '"*^  ^"^""^  "'"'eed 
ratio  of  oil  and  air  is  constant.  iT  h™rver  T  '"■«''«^»'°°'  *""«  ever  the 
perature  of  the  retort  will  fluctuate  and  thT;  'n""  "  ''"^"'•'ed,  the  tem- 
for  instance,  if  the  quanrity  of  oJll  SJeln  .J""  ""^  '"  '^^  composition; 
bustible  matter,  and  the  temperaturl  of^^^  ^'  *"  '^  ^°«tai°  »ess  com- 
Percentage  of  parrial  coLTuSTaktf  Jl°"  "". ""  "'^"'^  ^'^  ">^ '^'ater 
more  h,,.^n  and  carbon  monoxid^an";  .rhyS^  g^  '"-"-  «^ 

varied  to  S  diJe^T  cl^ut:  t^ Jil"  2"  T  ^^'^^  «'  ^  ^  ^ 

''""^rof'^Lr"""""^^^^^^^^^^^^^^ 

Nitrogen  Percentage  by  Volume. 

Hydrocarbon        M.6 

Hydrogen 25.6 

Carbon  Monoxide  "^-^ 

Carbon  Dioxide  '-0 

Oxygen..,. fl.4 
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gines  has  been  employed  in  various  desl^m^f  !  "'*"™^  combustion  en- 
for  smaU  units  where  it  is  ^pZt^Zl^^'""'''''''''^'''^'^'y'^'^P'-^ 
enpne  units,  however,  it  is  more  ecoiical  to  emnio  ^"  ''''^"•*'-  '"  "»'«« 
to  generate  the  power  eases  from  °,?.f  ^°  ^^P'^^  «  separate  gas  producer 
fuel  class  is  the  most  J^ IZ  butToil^:^^'  '"'■"  ''''''^-  '^»'*  -"^ 
generally  the  most  economicaj  """"^  "«'*""  t"*^  f"*™^  class  i. 

which\ro?rt7:LTortlc^^^^^^^^^^^  «  Jorm  or  apparatus 

chamber  or  converter  and  preveriuch  frV™     • '''       '      ^''^  "^^  P'*^"""* 
avoiding  excessive  decomposiUon  of  the  Si.      "  """"  *°°  *"■«"•  «««»  t^^eby 


Figure  28 

travr^f^^s^r;  i!^n  rsr  ^^r  -^  ^-  ^«  ^^  • 

■ng,  which  constitutes  the  main  sheS  o7thl"  ^""^  •  "'  '^^'i'-drical  cas- 
Provided  with  an  inlet  connection  C'  for  4^  X'  '/  '*°""  "*  <^'  «""•  " 
air  which  is  to  be  converted  to  gas.  A  cWi^der  C"","""  "'  "  """'"^^  "'  *>''  ""d 
"located  within  the  cylinder  C  and  soaS  »  °' P"™"^  «f^«ctory  material 
means  of  lugs  L  formed  at  intervals  on  1^,.  *f  ''""  "'^  "*""  »•»««>'  by 
cylinder  C  of  porus  refrac^S^m^iSisToit'ed"' "";.'"""'"  ^''  ^-»^" 
formed  in  two  longitudina!  sections  and  su^^^T'"'"  "''""*'"  ^"'  »««»  » 
project  inwardly  from  the  ends  of  the  conveneT  .  '^  "'1''  *"'"''  '^  "'»-»' 
7- are  a  series  of  baffles  which  con«,t  nf  ^  Tf "  '^"■^'"fcd  within  the  tubes 
of  which  are  supported  by  r-TS        ""  '^  "'''^™"''*  '"^  "°^  *•  the  form^ 
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provided  for  the  end  plates  and  tnbes  ca^ed  ieb„  A^  L^ut'"'''T  '' 
pair  of  plates  P  are  provided,  and  locatedTelJ  Sem  «-  /  k  ^  '"*'''  * 

d'.  Near  the  centre  of  the  casinVc.  tw  "»"""«  discharge  connections 
f«e.  to  tubes  r.  <^n6inoZcyZ^oZ:r^T  '':"^'^  '=*"''"'=*  ""= 
through  Which  e^anst  gases  are^Sfat^d  h7rrof"?r  ^a^^^^^^^ 


^■iRure  29 

cy..nd.r  O  is  welded  afifent  nTriL"  "^/^^'^''""'^' '^  '^^^"^  ^'  '^''^ 
cylinder  T  to  which  the  rin^s  ae  ^1?.^  i^,,''""°"'«»ing  the  ends  of  the 
over  shoulders  for.ned  on  t£  sa.rrfn"  ,'  ^^',7«!'''-  ^  fits  at  its  ends 
from  cylinder  C<.  "'^''  ^^  *'"'=''  ''  '^  supported  and  space 

through  th.  connections  C'  whth  0;^",""  "'■'  "'  '"■ '""'  °"  '^  »''™'"'='' 
in  the  converter.     The  stre-m  o  oil  ,^^  ?  I-^^^^P'***  combustion  with- 
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duced  then  passes  around  the  enl  of  Se  ^  ^^^J!"^^  ^"P"  ^^us  pro- 
tween  C"  and  C.  and  thenc  "k';^^!  "■'  '^'A"''"'  ^  "'"'  '°*°  ""=  »?««  be- 
tbe  baiBe,  therein  to  discharge  Zntc^iJn^?,^ '"**»*"'-  ^'  "'''  ^  ^-"^^ 


figure  30 


a  -^^ -:::^:;^ranTL^^^^^^^  -e  converter  maintains 

hot  means  are  provided  by  which  the  ?updTv  of  T"""*""  '"""  •^°""»K  »»<» 
jacket  5  may  be  reduced  .ntonS^Zl  •^iT^''''' '^'^^  P-^^^  tbrougb 
thennostat,  of  which  one  membeT  h  in  th.  "  ''^'^^"'^  ^^  providing  a 

which  constitutes  a  rod  R',  Fi«  30  a^H  ^  •"'°'''^"'  ^"*'  *»>*  °ther  niemL 
rings  R"  of  the  converter.  ;nd?he  X  end  In"'"''  '*'  °"^  *°*'  *«  ""^  ^^  tS^ 
The  said  lever  is  pivoted  to  the  othe  end  of  t^e  r  "'T.'^  ""'^'P"^"'^  'ever  L". 
by  a  l.nk  L'  to  an  operating  lever  L'Sav^veJif'r' " '*''^'''=°°°^«=»«» 
the  p.pe  supplying  exhaust  gases  to  the  converter      *       ""^  "connection  to 

-^b'a%^%f,.;t:or;hlXsXTyi;L^^^^^^^^^^^ 

exhaust  pipe.     The  pipe  P'  is  connect.!,  k  °'  ^'"^  ^"«^°«''  and  P'  the 
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the  rod  R*  in  relation  to  it  «nrt  M        ^^  *  movement  is  imparted  to 

motion  to  the  ^Tv.  l^'^^^t^^  Z.T'T'  "  *''"*"'«'«'  •»'^  ««  ""^ 
or  lea.  extent.  "  '"  "**""«  ""  "»»"»»  K««  to  a  greater 


Figure  31 

and  the  discharge  connections  d'  el^H  Z*  1  °P*'"°KS  '«  «=yHnder  O, 

P'  which  communicarnjough  Stil?:^'^'^  "^^  '"T"* '"  ^''^  """  ^"^'^ 
said  pipes;  stuffing  boxes  5- hj^n?  "f  ^  '^'""'^''  '"*'*  *•"=  '"t'^rior  of  the 
end  plaVes  P  ie  WngS "o  th.  h^  """l^^u"^  *°  ""''"'"  *  ''^  ««»»»  j°i"t  The 
by  studs  5.  and  Sn^L^en^e^t^isl^c;  tZT"  *"'  "^  '•^"'  '"  •-'"- 
end  plates  may  be  swung  on  onHrde  and  tJe~K  ""  unscrewing  th<,  studs,  the 
pieces  can  be  pulled  out  for  in^^Uon "td  ^Tf '^  7"°^  *^"  "'"*"  'P'  ^hese 
the  tube  r  With  porous  cy.inderc'andlXrA^^^^^^  ''-"^  ''^ 

on  the  said  pieces.     The  inspection  of  th»  „  '       ^"^  ""^  mounted 

without  withdrawing  the  tu^s  b'   m.L.    f  "^      "^"^^  *'°""  «=*"  »>«  »»de 
are  normaUy  closed  tith  pS^      '^  "'""'  °'  ^  "'^"'^  °^  ^'l^ht  holes  H'  which 

^  ^e  air  inlet  of  the  conrenrandTr^il^^Sr/o ''  tit^hi^  th"" ^^"^ 
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provided  with  a  needle  valv»  V*  *u.  ^         .    .. 

•ten.  V",  „d  i,  cStivdy  c^'n^t  '  !o  th  "'?  "  '^"^-  "»«  -»«»  --"ve 
nuts  N.  The  oil  supply  0"  is^^SS  StJ  T"*  f*"°  *'  '**  «»'*"  "«»•  b^ 
of  the  needle  valve  coMtitute,  T^stS  !f  *  P'"'*"*^  <»'  Porf.  and  the  stem 
the  ports  so  as  to  affect  their  owiMJ^H-"*  '°  '"^"  "^'^  »"«  «*««*•  of 
of  the  valve  is  in  relation  to  LTe^TTi'"'  'Z  '^•'"»-  ^«  <>P«"tion 
creases  the  sliding  valve  mov*s  toTltft  .^h  ~'^"«' /"«»  "  the  suction  in- 
wider,  which  increases  the  s,^p  y  *^Ut  "^^  °^^  '»°^  -«'  -n4  oil  porU 
bnngs  the  valve  back  to  the  ri;h7and^rceXrppry   """~'  '''  '^'*"« 
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THEORY  OK  PRODUCER  GAS      In  th.  j- 

referred  to  are  chiefly  used  for  corner      "  *''*.P'«**««  ^^^pters  the  gase, 

casionally  used  as  flTj  of  p^rtr  :ut^'"'''r  .^'^'^'''  ^"'^  "'  '^■ 
industrial  owooses     WhZ,  ..L^  "Jtemal  combustion  engines,  or  other 

*  bed  of  fuel  is  placed  on  t^S  of  the  nr^H    ^'^  """•     '"  "*"  P^°«^ 

through  the  fir^.  either  ^  ^:! ^f^z^:::^ ;;^' ^ tT"' 

carbons  to  distil  Lff  anS  s.Z  1^?"  °"  "'"  '""^  ""  ^"'^  '"^'  «=^"«^^  »«yd"'- 
in  the  lower  part  of  the  fire  totTedT  ',  T^'l"*'  '"*^"  *°="^'=  P'°^-«» 
carbon.     Under  these  ^„dit  ou^.Ip  ""^T  """'°*''^^  '"  ^""^  "'^»»  "^ 

theoretically  cThydr^rrSL  carlL„  '""'"  "'""^i™"  ^«  "ed  of  fuel  consists 
four-fifths  o'f  the  atZZic  a^  irrs";ow:.'"'  "''"''"•  ^^'''•"  "''^'''^ 

of  the  air  con^bi^e   wTh trcSn  Jihl  fTJ.T?  "'  "'^k^^"'  ^""^  '"'^  °'^«- 
r+o  ~rn    *u  _ '^^°*'"  °' '"e  fuel  to  form  carbon  dioxide  as  follow, 

C+0.-CO.  the  compos.t.on  of  the  gas  in  the  lowest  zone  of  the  fuerbld  b 
CO,  (1  volume) +N,  (4  volumes). 

of  the  fuel  bed  as:  "'''  *'''  composition  of  the  gas  at  the  top 

CO  (2  volumes) +N:  (4  volumes). 

If  steam  is  also  admitted  beneath  the  erate   wat»r  „.    •    r 
ing  to  the  reaction  C+//,0  =  rr)4.  w      I-  u  u'  ^^^  '*  ^°''"^''  *«=°'-d- 

percentage  of  CO  by  decr^sW  the  irf  ""V'  ''^"''  "^  "=''^»«''>«  ^he 
fact  that  the  heating  vaLeThvdr^  Percentage  of  nitrogen.  I„  view  of  the 
has  no  heating  >Teit7  evident  thafh"  H  *^'"P^'-*.*'^"^>^  <^^^'  whilst  nitrogen 
of  the  mixture  is  subsUntUlJ^^^^^^^^^  ^'-™  ^'--  '^^  Po-r 

disti.S'o"fftrdror°othe":b:^  ^  '"^^^  ''"'"'"■'"'  ^^  hydrocarbons  are 
thegasconsiderab'rbu  Jni^^:^;T^^^^^^  "'"'  '"T"^^  '•>«  ''"^''>'  «' 
in  carbon  and  gener;te  Kases^lowl  clXvrurTLlVb"^  lZ\^'''' 
ever,  that  with  carbon  fuels  such  as  anthradte^  itle.  iSs  usXI'  s'^i 
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percentage  of  hydrocarbons  distiUed  off  ««^ 

KM  with  these  fueb  will  be:  '  ""^  *"  "PProximate  analyri.  of  good 

Carbon  Monoxide  (CO).  on  .n 

Hydrogen  (H.)  *?*'  P^  ««>t. 

Methane  (CH.)::: :  ?!?       ". 

Nitrogen  (N.) ^.20       •• 

Carbon  Dioxide  ((X>^~Z"":Z^^       ". 
The  employment  of  producer  eases  f™-  ~.„ 
prov  -n  to  be  the  most  eLient  ^et^  tZTo^T^' ""  '^  "P~»«"y 
obtain  '«-6^«*«-A«,r«-/>«»,,.A^„,"t  2:^^"'  "^,Pf«*'«"«  customary  to 
found  fAat  fuels  high  in  carbon  Ind  low  in  v^!*^,  **'  *  *"  '^'""'»  «'  '^^     "  is 
for  use  in  internal  combustion  engfn^^  tie  ..l'^  "!!!''  "'  "«  »*«*  ""'toWe 
uniform.     In  using  fuels  with  a  hfgS^l^tai      """fT  "  ^'»°«'  «°«»  »«>« 
t^on  .s  somewhat  uneven,  as  the  hySSLTa  f  ''?''?'  """''•  **«  P^^' 
off  immediately  the  temperature  of  ^^0^     ^'f^V*""**  «'  '•««»  will  distill 
effect  of  producing  a  usuaUy  rich  gi  at  c^rt7    "  ^^  "•°"'^'''  ''«»•*  »»as  the 
the  disadvantages  of  producirtaTaSd^m 'b.'^r'^^    ^««  '"^»  "ave  also 
pages  and  reducing  the  efficiency  of  tSfgiTn^L^h'  *'"'  '""'^''^  ^*'«'''"^  ^*«P- 
The  use  of  bituminous  fuels,  however  J^dlS    '^  l' "'''^'^  '^'^'^  '•'Po^ts. 
owirg  to  their  low  initial  cost,  ln7'^y^^^ir''r.'''''^''^^^'iitior» 
des.gn  are  being  made  so  that  the«  fuTlt  tl   «    **'  '"Provement  in  plant 
of  fuels  high  in  carbon.  '"•^''  """^  **  efficienUy  used  in  substitutiw 

SUCTION  GAS  PRODUCER    Tn  ♦!.•     . 
"  d"w„  through  the  fire  by  the  stroj  .^'Air      '''*^""'  '''*  "'  «»*»  »»«"> 
^n  or  pump  when  the  gais  are  ^^deS  Z  ft'h  '""r  °'  '"'  '  "•'»^'"«-' 
connection  with  the  suction  gas  pri^t?  iM,  .  ""*"'^"'  P-'Poses.     In 

condenser  and  scrubber  to  dean  flf  ga^s  Jl  IT'"''  *:*  *"P'°''  '«'»«  f-nn  of 
condenser  has  been  frequently  arran/ed  ^^u'^r  *"."*  ""=  ^•"^°*'  "««'  ^^e 

sTJr""''  *°  '"*^""«  ^he  produ«r  whilsMn  Ih  '"'r"'*~  *"  P'*-""*  t**' 
superheat  water  for  .;.e  generation  of  ^elm  '%''*''^'J°™»  «»  »  «l"Pted  to 
principle  is  the  same  in  that  the  ai^or  wShs  Jl^  "''  "'  '*"^  '^  t*' 

Jn  k'T  '^  *''''^«''  ^hem  so  that  7he Tat  abS  f ""'"'  P'^*'  *""'''  ^^e 
up  by  the  circulating  fluid.  absorbed  from  the  gases  is  taken 

A  uevelopment  of  the  latter  tvne  whioi.  i 
amount  of  steam  for  the  produ^r  b^  tie  c^f""'  '"  """"""^  »''»  '««*''«ry 
F.g.  32  in  which  /» is  the  gas  pr^ucer  '  H  '  '"r""  "*"''>'  »  '*o'«'  '" 
heater  If.  an  air  inlet  ^ .  and  a  gas  ouUet  O  A '"°"''''  *''"  "  P"'""'''  ''"te" 
primary  heater  is  provided  at  ^  aid  a  ;„„^"T""""PP''' °' "»<"  •»  the 
to  the  producer  by  way  of  S  and  airT„^.t  r  ^  " -""  '""""^  "  """'""' 
from  the  producer  to  a  vertical  boLr  if  .h  ^  *""'"  ^  '^«'"<^t»  the  gase. 
they  pass  through  outlet  pipi  o'  t^tl/d.^'  multitubular  type  B.  from  whTh 

P.pea-'toscr.bber.^:d^.,^%rSrSSrmi2^^^^^ 

Z^^^^r:T:::^Z^;'-::r:S::  -  -nd.ry  water  heater 
nectcd  to  .team  boiler  through  pije  '*•  and  J  ''"■''  ""*"  ''«"ter  i.  con- 

ducted  to  producer  P  through  p'pTng  ."  J  J7  ^/     "^^  ""'  »'"•"  "  «=<»- 
-e.  to  operate  a  fuel  conveyed  ihrtie'rels^LlZTstTr  "'  '"''^'' 


Chapter  Five 


PRODUCER  GASES 


m 
til 

ii 


r'^r'^^Zt'::^"^"^^^--^'^,^^ 


n 


PRODUCER  GASES 


Chapter  Five 


secondary  water  heater  where  ^r«^;/'•^^^''  pass  through  the 
pass  to  the  scrubber  S'  for  the  rZT^^^'.  "  T"" '"''  *^*'^  *'''<*  U-^y 
the  gas  engine.     The  water  for  l^^t  ^^^'^  P''=^'«'»  *«>  entering 

acket  H.  from  which  it  is  cS^d^ed  o  Z^^'r  '''  """"^  "-»  «  tL 
temperature  is  raised  almost  to  th'  M,n!  ^°''»^,''^«*'^'  »''  where  the 
transferred  by  the  pump  p*  to  boiler  iJwh*.^"*      ^'^  '"'»  ^ater  is  then 

MARINE  GAS  PRODUcfr      a 
ment  is  shown  in  Figs.  33  and  aJthe  obS'fr  v1°^  "*'  P"*^^'**""  "-^nKe- 
on  one  common  foundation  so  that  th^  n  "  *°  ««'«"«  the  plant 

hmited  space.  This  apparatuT  i  soectn  '^'!f'^  "  '^"'""'^y  controlled  in  a 
for  internal  combustiofeng  „es  foTml"''  ""''^  '"^  **"^  generation  of  gases 
-ant  factor,  and  the  ^^^^^Z ^HS't:;  TS^  r ^^^H  ^ 

The  producer  furnace  P  i«  i>«».._j  j 
in  the  coking  of  bituminoL  coa ?  "kllir '^^  '°™  »  '^'""»'-'  ^  where- 
ber  C  tuere  is  provided  a  combustion  sZe  5  fro  "tH  *""  '"^''°"  °'  ^'"'^  «*«»■ 
7-  pass  through  in  a  vertical  plane  to  thP  r.'"  *^"'^"  "^  '"'''^h  the  tubes 
ducer  is  conical  in  shape  as  at"?  Ld  f/horTl',  ".^-^  '^^  ""^  °'  '"^  P™" 
comcal  portions,  so  that  an  annular  spa«  5'  uT  C"  ''"'^'"'"'*  ^""i"  ^he 
.nes^of  «„es  .are  projected  and  PasrZU^i:;:tatrrTirarb:i; 

~cz:::i!^:n::z  11-  "--^ '-'  -  ^--^  ^he 

supply  is  by  way  of  pipe  p,  nndl^ZlXZ^Z"'''''      """^  ""«"''  »'' 
C    and  a  series  of  nozzles  N  just  be^w  theTo^    "  fT'"'^  *''^°"«''  «««l"it 
chamber.     Steam  is  passed  from  th7i^^     k      "^  '*''"''  "'  *'"'  '"^'  in  the  cokine 
-ted  With  the  producer  thl'uThval^eKaL"'"'^^ 
»^/s  .n  direct  communication  iith  thc',te-.m  bo  /''"h'*'.    '"'^  *""  ^-''«=' 

^nSst;t:L;" '— ^  --  -- :  t  :z  rz^  t 
coki^:t:r'*r:^:t;;^;^;r?T^^^--'-''^-the 

combustion  chamber  by  the  air  aj^^  t,,H  ,!'  ^'"'^"''"d  and  burned  in  the 
of  combustion  then  pa.«  up  Jub  s  r  I' 1T*J  """"'''  ^  ^"^  Product- 
steam  from  the  surrounding^wat;  Whenlo'f  ?  ^  T'  '""'^'''^  «^"-»t. 
Uen  derived  of  its  hydrocarbons  the  resultant  o  i  '"  *"'  "'''^''  ^''«'"'«r  "-^ 
«one  of  the  producer,  from  which  a  mixture  "f'h  "  ''""''  '"'"  '"^  '"-" 
.»  generated  by  the  air  and  steam  pasCrhrourh  JhT  fiT "'"^  ""'  "'•*''"'- 

ra 
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™t^''"T'  i'  T^*"''  distinguished  in  that  the  whole  of 


ducer  can  be  used  entirely  to  generate 


the  pro- 
gases  on  a  large  scale  for  a  number  of 
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Figure  34 
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DOWN  DRAFT  PRODUCPB  .  r^  .  ^ 
in  tl«  construction  and  ,S«aS.  of  ^'  J?"  °"^*  ^^^'^^^  development, 
<^  rfra/».  by  which  the  SJ  ^Tlun^o^'i'^'"*"  '""  ">'  in»titution^^ 
of  ashe.  or  dinker.  Of  this  SLlfTi  T  '^~^  ^»»«'«t  «»e  remo^J 
Which  cuun.  so.,  minor  adfa^aglTtr"'  T"  ""  "^'^  ''^^'  ^  -^ 
das.  of  apparatus  will  only  be  refS^  t"  ""^  °'  "lustration  one 


ngiuc  u 
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Fig.  35.  Which  rest,  upon  CtuSiZriS  T  ZV  '^ ^V''"  ^  •>«-  ^' 
is  open  to  the  atmosphere  whHst  X  nt^  ..  •  "'  '"'•'  *»'  **"  *»""«*  be«« 
vaporizer  V.  which  ^^[h^SL? of  c-H  "."T*"*"*  "y  a  pipe  p"  to  a 
heatin.  the  «r  passing  thro^^f^oLt^,,^-   "^^  ""'  -"-""-"y 


Pisure  30 

one  tj:i:::j;::'r^j:iz:^:^t  f  ^rr-  *«  —ted «.  that 

bin.  and  purifying  pL^aSa  ^  w"^  fhe        ''"^  °*'*"  "^^'  »"  ^''^  "'^"">- 
mounted  in  the  top  portion  orthe  ^72  tt  i„T'"^""l    ^  "'"'  P**»«=  ^'  - 

•1 
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/>".  in  which  flows  the  heated  air  from  B'     The  ^^  «#  *u 
through  the  seal  pot  cenerates  st««  ^  fu '  ■    ^  **'  *^  "^  pasring 

with  the  heated  S  iHSiL  tn  ^         ^*  ^«P<»ri«er.  and  this  in  conjunctiol 
connected  ther7wrti;^rofp:iZf*YS^^  This  ciZTh:; 

«.  even  distribution  of  ^rltZT^^)r^^T''^  **'  """^  "  *"  '''~* 


"tur*  87 


ber.  tjiT^L'Tzz  -Lrfhi  ;rSr; ;;  s::  't  °' '"-  ^''---  «*- 

•irawn  therein.  At  the  too  of  thenr^  '  '^"'*  ""^Pheric  air  to  be 
with  removal  plugs  the  our.1!  c'^^^'  *''"''  ''  "  =*"«  "'  »«>»«  ^«  fitted 
fuel  by  ProvidS'^J^'d^aTTd^ili"''  A  J"  T"*^  '"'  '^^"•""»'-  «'  ^^ 
to  create  a  draft  when  desLS.  s"f  as  t^::  Ll'yT^r'V  ''''  "''"  ^' 
reviving  it  after  being  shut  down  for  the  niSt  '     """  """  P'*^"«'  "^ 

holes  for  the  insertion  of  b^  Sthc^t  ^~  '  1  '!"'  """^  "  ""««  ^'t*  P°ke 
producer  there  is  .  series  oTsirt^h^LTro^c:.'"".;  ""'u"  ^"^  ^''^  °'  ♦"* 
progressing.  On  the  seal  not  sl IT^J  t°  ""rt^'n  how  the  combustion  is 
valve  which  is  oo^ed  wh^  ,1       "*  ""^  ^  "  P«vided.  and  is  fitted  with  a 

to  provide!  oTtterftT'a^^iwrm""*"'  "  •""  ''''""  '*»'  «"•  nigST.; 
thereby  prevent  eipl^Ioi  "'  -ccumulate  within  the  producer,  and 
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In  the  down  draft  producer  TlL!^  '^"  ^*'*"  "  comparatively  small. 
quenUy  become,  deaTltcmS;  pj^"  T,  I  *^'  '"''•  '^  "^  '^"''^  ''"'^  ''- 
the  fuel  at  this  point,  the  S  Tsre^^  '"d  th  T'""  "'  ""'^  '**'"  '"*« 
the  production  of  gas.  **  *'*''  ''"''•'°  consumed  entirely  for 


Picurc  38 

pillars  p'  and  its  lower  end  t'  ^mmcSfn  th.r  "'"f""'  "  """^•^''  "" 
substantial  seal  and  prevent  the  Z^Zj  '!?""'  '"  ''"^  P"  ^^  '«""  « 

producer  is  provided  at  Z)  poke  holef^  *^'.  7^'  '^'»"«^"«  <»««'  «f  the 
part  of  the  producer  the  shdl  5  is  tt  '  '  H  T""'"'*  "'  '^^  """^  "^  "'^  ''"^" 
5'.  which,  in  coniunctTon  w  h  Je  frrmcr'n  '' -T'''"''''''  "^  "  '^'^"=»'"  '•••^" 
This  constitutes  the  vaporrzer  '^"^"  *  receptacle  i?  for  water. 

thewVtitVn^r;ta^r^^^^^^^ 

embedded  in  the  brick  walls Tth"  pro^^?"  L"Z  m  '"''"'i^'-. "'""  ^" 
..o„«  the  flue,  is  heated,  and  entering  ^^^!^^^^^:l^::;:Z 


fi 
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^t?  ihh*j;^''jrL"j!*!:?"«'»  ^^tb  .  «rie,  of  pipe.  *.  ,w,H 

The  vent  pipe  is  located  at  V  ♦«   n 

The  main  off-take  O"  »**..j    j 
'rith  a  hood  iy   whid,  1.   T^  *'°*°  **«  <»nical  pier  P  ,„^  • 

therefrom  with^o^t  uS'n^'^llS*'^  "t^'  «>  *«•  "a^rJi?  SIS 

municates  with  »-  •    ••     .  "*'*■■  '<»  the  gas  off-tak*     tu       • .  «'»vitate 

uuicaies  with  an  mdmed  duct  d'  wi.j«i.  •  The  said  gas  nine  m™ 

adapted  to  spray  water  in  the  duct  ^tZ       .■"'*  *  "^^  «'  "Prinklers  5' «^ 
spnnklers  are  controlled  by  a  vJvf  ST  '~>  "•"  Purifj^njttee^     1^! 
•re  drained  off  into  the  pit  V    vJ    •    '  "*'  **'  '"Purities  wWd.^ 
the  easM  ♦«  «♦!.  '^    ^  •     ^^e  pipe  *•  wiij,.!,  ~-       ,        wnidi  separate 

J^^  to  other  scrubbing  and  PurifyKj  pialJS  "'"  '""  ""^  «^"«.  leads 

»•»«:•'   IS  open  and  valve  V* 

ianl"""?"^^^^^^^  F.  is  arranged  and  receives 

tlSTIslt""^'  PiP<^  ^'  and  IZl  ^-  a^;  "  '«'»•"'=''  *<>  the  secoTd:^' 
mere  is  another  pipe  p*  -hi-i,  ,.„  .    ,     .'  *"°  conrniunicatin/r  with  n,-     • 

ary  vaporizer  J?  a  y^T^  '*''^'  *"  ^'"^  *P««  above  the  wf teTLth  "■""' 
valve  is  closed  and  vive  V^,'*^''  *°  *=*"'*'°'  *"«  P'Pe  ^  Cn, ?'."""• 
;-.  and  on  c,osinVtt%^vr  °V.^a"nd  o^  •^"^""'  *^^^  sJ^d"j;Va*r' 
^^",'J«««'"daryvaporizerpas^s?ntor"''  ""'^"^   ^'  *"«  «"rplus  vaZ" 

::™.  :?^»  ^.r^^sr  '^  •"•^-^  -S'^n^ju*' 
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UP-DRAPT  POWER   PRODUCPR       t„  ♦•. 
as  used  for  the  generation  of  ««.«  h.  L«  vl?  "f P-.«5"ft-power-producer. 

force  the  air  into  the  bottom  o'^e  ir<SiSr  ^"Th  II  "  """"°"  ""««**  *« 
^ure  of  a  centrifugal  fan.    In  tWs  Sr2^^,?  "**  **'  «"*'  '"*'«'  ">*  P'«- 
square  foot  of  gratLe",  c^ptitfvdy  l2«  InTtT  "I  'k''  ""^^  ^' 
coated  with  ashes  and  metallic  r^idrfrZ^k*  ?'  *!**'  ''■"  «»*«  »^«»»« 
form  large  n.««es  of  clinker     S is  co^Hi^        fl!?'  *"**  '•"*  *'*««>«'  ""d 
the  bed  of  the  fuel.  whicfrnvaJ^Wy  h«  S.e  eSor  ^^ ■'^  '^  "^'  '- 
m  the  composition  of  the  gas  prtSuce?    Thi.  f    ,  P'^J-cing  irregularities 
culty  to  contend  with  and  man  JT-         /       *""  '""«  ^"^  «  ^o"  diffi- 
been  tried  to  o.^^rkX^Z^^rin  r^""^  "  ""'""'""^  «"«»-  "-« 
have  been  thoroughly  su^fj  Sou  J.  ''';^*''  '*  "•»"  »>«  «^d  that  none 
some  of  the  most  import"^  ™*''  ^"^  P'*"^'"*  ^^^  »»«'«  »«<««  by 


'f 


Figure  30 
to  42°'!n  wh?h  TT  '"'"'?""''  "*"""*''  "'  "'^•'^  -  illustrated  in  Figs    39 

with  the  usual  ash  pTand  iafer "u.e  /  "^JlT'^'T:  '^  '"^  *"  P^''^'''"' 
located  in  the  centre  of  the  T^nLl  Ld  i,  IJo^^.rwitralJ::! V*:-  k  *' 
adapted  to  distribute  the  said  fluids  .venly  L.TlT^  F' ^.f  ri; 
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______  —"-iJicr  rive 

'^^^^^Z''^"  '^"^  "'  -«^  the  upper  end  of  the^.^^^  """ 
^  we  furnace  is  provided 

P  Of  tile  hopper.     The 


,.         .  Figure  40 

trougn  /'  receives  water  fr„^     • 


I 
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frequently  formed      '^        *"'"  ""*  ""  "'  *''«  P"*-*  *here  dead  hole,  .« 


rigure  41 

roners /f'-and  is  driven  bySgetLTc/nHr-'H"'^"  ""^  "'^^  "•""  "" 

against  the  agitator  t"  an^fu  ,  cS/^^  ""  C'^^^^^ 

plow  yl '  and  a  shelf  5"  wh.Vt,  u  »^    7T       '  ''°*'*'  ^*°  '^^'^'^s  an  ash 

the  plow  fronTfhi  h  theTt;  i  to  n  at  ^00'^' f '^  "'"  "'^'^'^  '"«''^'  *"- 
tion  of  steam  and  air  is  the  sam.  oc  fu  ^^"  '"'  removal.  The  introdu - 
of  gas.  ^  ''*'"'  "  '"  ^''^  P«^'°"»  design  and  also  the  off-take 

it  is  iie?thT4?Ln?:,;xrn?hr'T  ^'^  "'^  ^«  ^-'^  ^  ^^  '°"°-«^. 

and  .11 .  i.o  the  ^n^o^  ^='^::::^£;r;^  ^^^^^J^ 
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veloSment  ^aT^  stVLrscl'Ze  S'^^^^^^  "'l"*  ^•"'  ^"^  «»- 
peat  in  suction  gas  producerfor  ^T„„I^  T^ 'T''*''"*'' "''"P'^y'^K 
dentally,  the  use  of  ZTmL^^  !1°T"'"  "'  "«=*^"'  P«^'-  Inci- 
taneousl^  convex  th^hiierto^atL*^*  l^'T''  "  **'  """»««">  »«"«"«- 
use.  The  greatest  deve  ^nmentrof  ^'  ''""  '''"'=•'  "">'  '^  P"*  *»  ^'""^ 
the  MOND  GArcOR?SSoN   whL'", "'"'"''"  "''"*  '^"'  ""'''^  ''^ 

the  recovery  of  by-prZcU     They  Jve^;^^^^^^^        '"'*"''  """""^  '- 
largest  of  which  is  for  the  «ener«tion  «f    i    .       .  '^"'°'"  "'""■  ""^  °'  t«>e 

indicated   horsep^wel  dlily      A    °  af  .^^^^^^^  the  extent  of  3.000 

of  special  interest  to  an  a'iriclSale^lSri'/e       \^  ""•""*  '^ 

sulphate  of  an,«onia.  which  U  J  vrulbrfSnt'er"  "^  '""'  '^"'"""^^  " 

CO..  '^^Te^Sio? t'lr.ri^tSn^I^^^oTpe?^  ^  V'"""  '^ 
which  limits  its  use  to  the  vicinitv  «f  i»  .      •  **'  ""*  "^  moisture. 

for  briquet  manufacture  the  riL?e  i  'eSSl^a'trK    '"  "i'  T  ""  *"'"  '"" 
niustrated  in  ...  ......  c*X7  buttr t'/.SSr  "Xer 
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the  raw  peat  can  be  used  without  being  previously  subjected  to  drying  treat- 
mtut. 

As  previously  stated,  the  Mond  Gas  Producers  have,  no  doubt,  received 
the  greatest  recognition,  but  as  this  work  is  not  intended  to  treat  by-products, 
an  efficient  design,  of  which  the  writer  is  acquainted,  is  illustrated  in  Fig.  43! 

The  producer  is  shown  at  P,  and  has  a  hearth  H  of  ordinary  construction 
A  fuel  hopper  H'  leads  to  tube  T  in  the  centre  of  which  is  located  a  worm  feed 
device  W.  The  worm  is  driven  by  means  of  bevel  gearing  G  and  G'  the  last 
element  of  which  is  driven  by  the  shaft  5.  The  lower  end  of  the  feed  tube  T 
commumcates  with  a  gas-tight  hopper  H",  which  is  operated  by  means  of  a 
handle,  and  an  air  supply  A  leads  from  the  end  of  the  tube  to  air  pump  A ' 
and  to  the  pipe  p'  which  delivers  air  to  the  hearth  H.  The  pipe  A  is  provided 
with  regulating  valve  V,  and  communicating  with  this  pipe  there  is  another 
pipe  /»",  which  opens  to  the  atmosphere  through  regulating  valve  V  for  the 
admission  of  secondary  air,  if  desired. 


FiKiire  i.i  nml   1 1 

The  outlet  for  the  producer  gas  is  located  at  O  and  leads  to  a  pipe  *• 
concentric  with  the  feed  tube  T.  and  communicates  with  main  Af.  In  the  pipe 
p'  there  is  a  scraper  S'  which  is  revolvL.  by  means  of  a  wheel  H"  gearing  with 
a  pmion  G*  on  'he  shaft  S".  upon  which  another  wheel  C  gears  with  a  pinion 
G«  on  the  shaft  of  the  worm. 

In  this  plant  the  air  is  first  drawn  through  the  incoming  fuel  in  the  feed 
tube  T  and  pa*^  through  the  pipcn  A  and  />'  to  the  hcurlH  //.  Thr  hot  gases 
we  driven  through  the  outlet  O.  and  on  passing  through  the  pipe  p»,  they  im- 
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part  a  comparatively  large  proportion  of  their  heat  to  the  incoming  fuel 
which  evaporates  the  moisture  and  finally  produces  steam  or  TaSr  vapor 
The  steam  .s  earned  along  with  the  air  on  pipe  A,  the  supply  of  which  is  re^l 

r    rLetlrl;  '^^''''rT^^^  ^"'  '^  P'''^''*^'''  "  -«-^.  through  X 
V  .     The  SCTaper  5'  is  adapted  to  remove  any  tarry  matter  which  is  liable  to 

rxi  z^. ""  '■■ '" "'"" '-" "  ■ «"'  '■  <^"<^<  '• 

A  slight  modification  of  the  mechanism  associated  with  this  apparatus  is 
shown  m  F.g.  44  in  which  the  feed  tube  T  is  rotated  by  means  of  a  Sy' 
gearing  with  a  pinion  C  on  the  shaft  of  which  is  also  a  bevel  whe.J  G' ^ear^e 
another  bevel  wheel  G>  on  a  driven  shaft  SK  The  scrapr^* irrevolverh ^ 
means  of  a  wheel  W  gearing  with  a  pinion  G^  on  the  SafT5^  uX  wllch  fs 
another  wheel  G»  gearing  with  the  wheel  W". 

The  same  results  are  obtained  in  the  latter  design,  and  from  the  forer  .n<r 
.t  IS  evident  that  the  fuel  is  carried  tothe  charging  hVpper  by  m"a^  ofTworm 
device  revolving  in  an  inclined  tube,  which  is  surrounded  by  aToiter  tub™ 
carnring  hot  gases  rom  the  producer;  the  latter  of  which  are  aSaptTd  to  give 
Th  '  'ncoming  fuel,  and  generate  steam  or  water  vapor  therefrom 

fuel  in  the  producer  m  proportions  according  to  t  ,  relative  positions  the 
primary  and  secondary  air  valves.  "*"ve  posiuons  ot  the 

WOOD  GAS:  In  secluded  districts  on  the  continent  of  Europe  and  West 

engines  from  wood  and  shavings.     The  generation  of  gases  from  thirmatteHs 
impracticable  where  coal  or  like  fuels  can  be  obtained   but  inVe  disSs  re 

usinM?:::tS^rt?z:^--cs:^ts^^- 

r;^Cvtre°Jf  ^itcS^i;'  -'-'  --^-  --  -  -— p^"- 

Fi«°4T  °l*^  mc^t  simple  and  efficient  of  these  arrangements  is  iUustrate^  in 
F,g  .  46  and  46  and  is  adapted  to  feed  large  logs  of  wood,  or  shavingrandTaw 

fs"lTed3he  .oo''of:H"'"'n!r  ^^  :'"''"^^"^'  '"^  '"^'  ^  stoUing 'cUmber  C 
IS  located  on  the  top  of  the  producer  chamber  C  which  is  constructed  with  a  steel 

shell  5  and  firebrick  lining  L  as  in  the  usual  manner.     The  fuel  oj^ning  fI 

fitted  with  a  removable  cover  C",  through  which  the  fuel  is  fed  X„  logfo 

wood  are  used.     When  it  .s  desired  to  use  shavings  or  sawdust  in  tie  producer 

a  cyhndncal  basket-like  chute  is  inserted  in  the  fuel  chamber  and  is  ada^Jto 

fsmHrJr '"'"''  •^'""^ """  "^"^^^"^  ^h^-  f'"™  Peking.  rUZ^a 

Ks  made  slightly  conical  so  that  its  lower  part  p  which  Is  constructed  of  perforated 

E„?if?r?!  I"',''""""':  -h"^*  '^^  portion  p'  is  furni.shed  wUh  a 7^^^' 
ring  R  adapted  to  bear  on  the  flange  of  the  fuel  opening  F  and  is  held  in  3 on 
thereto  t>y  a  joint  y  arranged  between  the  aforesaid  flange  and  th^Urcre^ 

of  w  Jdtt^te Trl'li^r  "  "^  ''-''  ''-''-'  -'-  '^  '^  '-^^^  -  'eed  loll 
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The  apparatus  is  operated  by  a  down-draft  by  the  suction  of  the  gas  engine, 
and  the  zone  of  combustion  rises  in  the  perforated  plate  of  the  chute  by  the  ad- 
mission of  air  therein.  The  admission  of  superheated  steam  is  effected  from  the 
chamber  S'  which  is  connected  by  a  pipe  p"  to  a  separate  flash  vaporizer.'  A 
senes  of  holes  H  formed  in  the  top  of  the  producer  provides  for  the  admission 
of  steam,  and  a  series  ol  holes  H'  fitted  with  removable  plugs  serve  to  regulate 
the  admission  of  air.  When  the  fuel  used  consists  of  large  logs  of  wood  the 
chute  is  removed  and  the  fuel  fed  through  opening  F  and  arranged  vertically  in 
the  chamber  above  the  producef,  when  the  bottom  ends  gradually  becom  r  charred 
and  the  logs  fall  over  and  become  totally  consumed  in  the  producer. 


Figure  45 

LIGNITE  GAS  PRODUCER:  The  use  of  lignite  for  the  generation  of 
producer  gas  is  known  in  certain  localities  where  it  is  readily  available,  but  under 
ordmary  conditions  it  is  impracticable,  owing  to  its  large  percentage  of  moisture- 
and  mineral  matter.  The  specific  gravity  of  lignite  may  be  from  0.6  to  1.26, 
and  it  may  contain  from  50  per  cent,  of  carbon  with  a  small  percentage  of  hydro- 
carbon. It  is  very  brittle;  breaks  easily  in  transportation;  absorbs  moisture 
from  the  air;  and,  consequently,  is  of  little  value  un!e«  «^H  in  the  vicinity  of 
its  production. 
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One  of  the  most  efficient  designs  of  apparatus  that  has  been  «s«l  for  rt. 
production  of  gas  from  lignite  is  iUustrated  k,  Fiz  47     l„Sf,Zr  T^        ^ 


Figure  46 
by  a  second  sheet  5'  and  a  pair  of  baffles  B  are  provided  between  the  two  sheet! 

ZTtlZyT^Zr'T^  "°""i^  ^"'"^  ^'"''^  ^  -^-•••'•^  path  and  d"nb"t^ 
oroviZl  ^^'^'^'  ^  ''  P™^'*'«"  '«  the  wall  of  the  structure  and 

o  TuSng  gaTSJ^rom  '  ?r°"r*°"  '='''"''"  °'  ^"^  "'^"^  '^  '^^-'- 
sheeU5"„„d  ?^„7rJ?        Tu'^  carbomzmg  chamber  is  located  between  the 

R^  vertSy  —iTr''-  ""'T  '^"P-'-^'^'  *«  -hich  a  series  of  retorts 
«  are  verttcilly  arranged  therein.     A  pair  of  baffles  B'  serve  to  distribute  the 
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heat  as  in  the  upper  chamber.  A  gas  burner  is  located  in  the  opening  at  B*  and 
the  gas  producer  P  has  a  conduit  C  leading  therefrom,  through  which  the  producer 
gases  are  withdrawn.  A  removable  stepped  grate  G  supports  the  fuel  in  the  bot- 
tom of  the  producer. 


Figure  47 

A  blowing  fan  F  communicates  with  the  lower  part  of  the  gas  producer 
and  a  conduit  C  connects  the  blower  with  the  upper  end  of  the  top  section.  A 
by-pass  B«  «  located  below  the  upper  flue  sheet  5  and  communicates  with  a 
short  stack  S\  within  which  are  provided  a  pair  o'  ,<  mpers  D  and  d'.  On  the 
opposite  side  of  the  hopper  a  by-pass  B'  is  provided  .th  a  damper  </",  and  when 
D  is  closed  the  damper  d"  is  opened.  In  the  centre  of  the  plant  a  conduit  C" 
is  located  above  the  carbonizing  section,  through  which  :he  volatile  matter  from 
the  fuel  is  withdrawn. 

The  top  section  is  adapted  to  remove  the  entrained  or  occluded  moisture 
from  the  Ugnite,  and  the  middle  section  serves  to  distill  off  the  volatile  constitu- 
ents previous  to  the  fuel  ertcring  the  lower  setHion  or  producer  proper  for  the 
generation  of  gases  from  the  carbon  residue  according  to  the  known  reaction. 
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In  the  operation  of  the  plant  the  Ugnite  is  deposited  in  the  hopper  and  passes 
Z^l^^"  TT'°  ""'  *"*^'  ^-     '^^  •combustible  gases  for  heating  the  upper 

™i^  H^""^"  ™''"°^  ^*  ^'  ^"  •^^"'^  ^"'^  *»>«  P'"^"*^*^  of  combust^ 
p^around  the  retorts  and  through  by-pass  B'  for  the  subsequent  heating  of  the 
tubes  r.  This  serves  to  remove  the  moisture  from  the  Ugnite  and  the  dired 
product  passes  mto  the  retorts,  where  the  volatile  matter  is  distilled,  and  the 
vapors  drawn  off  through  conduit  C".  The  fuel  on  passing  through  the  retort! 
.s  raased  to  a  state  of  incandescence,  and  is  deposited  in  the  lowef  chamberT 
where  .t  .s  converted  into  carbon  monoxide  and  hydrogen  by  passing  carbon 
iTm  ^"'^^*^^">^o"«'^  •*  by  means  of  the  fan  F.  The  cJbon  dioxira^^ 
steam  IS  produced  by  the  combustion  of  gases  around  the  retorts  anU  the  water 

nfr'r^Tv.         .**"  'r*'=  ^""^  '"^  '''^^"  °^  ^'°™  tbe  upper  chamber  through 

TnL""    u  ""'"^r'  '"'  ?"•     ^•'^  '^^"'*^*  P'"^"-'  «^  «  drawn  from  tSe 
plant  through  p,pe  C  for  purification  previous  to  its  use  for  power  nurposes 
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GENERAL  REVIEW:  The  use  of  coke  as  a  fuel  for  metaUurgical  or  other 
mdustnal  purposes  has  made  remarkable  progress  during  recent  years,  and  it  is 
beheved  that  in  course  of  time  it  will  entirely  displace  coal  for  direct-fired  fur- 
naces. The  principal  reasons  for  this  belief  is  because  it  contains  very  little 
volatile  matter,  and  can  therefore  be  completely  burned  within  the  furnace 
without  the  formation  of  smoke  or  loss  of  combustible  matter.  Its  general 
progress  may  be  seen  from  the  foUowing  table,  which  represents  U.  S  A  practice 
and  IS  officially  compiled  by  the  U.  S.  Geological  Survey  • 


TABLE  12. 
US  COKE  REPORT 


y«r 

Coke  Ovens 

Tons 
Coke  Used 

Tons 
Coke  Produced 

1880 
1885 
18M 
I8W 
IMO 
IMS 

Wto 

12,372 
20,116 
37,1,58 
45,565 
58,494 
87,564 
100,440 

5,227,741 
8,071,126 
18,005,209 
20,848,323 
32,113,553 
49,530,677 
63,008,327 

3,338,300 
5,106,696 
11,508,021 
13,333,371 
20,553,348 
32,231,120 
41,708,810 

The  value  of  coke  is  frequently  standardized  by  the  percentage  of  carbon, 
and  ite  value  according  to  this  standard  is  greatly  influenced  by  the  methods  of 
manufacture.  The  presence  of  volatile  matter  in  coke  is  due  to  incomplete  car- 
bonization in  the  ovens  and  the  more  concentrated  cokes  are  obtained  by  higher 
■eats  and  longer  carbonizing  periods. 

In  the  production  of  gas-coke,  the  manufacture  of  the  gas  is  the  first  impor- 

t'Ji^.  and  the  coke  is  a  secondary  product.     It  is  produced  by  allowing  gas-coals 

un  in  a  closed  retort  at  a  temperature  which  is  just  sufficiently  high  to 

Jff  the  Illuminating  gases.     It  remains  in  the  retort  for  four,  six  or  eight 

inly  according  to  varying  conditions,  and  is  consequently  much  softer  than 

.-coke,  which  is  occasionally  carbonized  as  high  as  72  hours. 

The  manufacture  of  oven-coke  as  a  commercial  product  originated  from  the 
increasing  demand  for  a  smokeless  fuel,  and  the  first  important  developments 
were  made  with  the  introduction  of  the  bee-hive  ovens.  The  production  of  oven 
coke  has  increased  very  rapidly  during  recent  years,  and  the  methods  of  carbon- 
ization are  becoming  more  scientific  each  year.  That  these  scientific  methods 
are  the  means  by  which  the  coke  industry  is  growing  is  undisputable.  The  im- 
provements made  are  chiefly  in  the  methods  of  combustion  so  as  to  effect  uniform 
and  economical  heating  of  the  oven,  and  it  is  believed  by  the  writer  that  a  study 
of  this  subject  will  be  of  value  to  all  interested  in  a  grade  of  coke. 

PHYSICAL  PROPERTIES:  The  appearance  of  coke  is  familiar  to  all,  in 
tLat  It  is  a  hard,  cellular,  lustrous  body;  consists  chiefly  of  carbon;  and  burns 
mth  comparatively  little  smok-  or  flame.  The  properties  desired  for  industrial 
use  IS  hardness,  good  cellular  structure,  purity  and  regularity. 

..  th'^%!'''!""'  ""^  '''*"*'''  "^  *■■"'"=  ""^  important  factors  in  furnace  practice, 
as  the  soft  cokes  are  more  readily  dissolved  by  carbon  dioxide,  and  consequently 
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produce  more  ca-bon  mon(i\;cie  at  the  top  of  the  furnace,  and  thus  causes  cota- 
bustible  matter  lo  pass  up  the  stack.  Whilst  the  strength  of  a  coke  bears  a  close 
relation  to  its  hixdness,  it  may  also  be  said  to  be  a  distinct  property.  For  in- 
stance, some  cokes,  though  hard,  are  very  brittle,  and  consequently  break  easily 
in  transportatiod;  whilst  occasionally  a  soft  coke  may  be  strong  and  still  reduce 
carbon  dioxide  more  readily  than  a  hard  coke.  The  consideration  of  these  prop- 
erties are  necessary  for  the  economical  operation  ol  any  one  particular  process, 
and  a  strong  coke  is  desirable  in  large  furnaces  as  used  in  metalurgical  practice 
where  a  great  burden  is  exerted  upon  it.  A  weak  coke  whilst  being  suitable  for 
certain  purposes,  is  undesirable  in  the  latter  class  of  furnace,  in  that  it  is  too 
easily  reduced,  and  breaks  easily  in  transportation,  making  a  comparatively 
large  amount  of  small  coke  or  breeze.  The  weak  cokes  are  more  suitable  for 
steam  boilers,  furnaces  or  other  places  where  the  fuel  bed  is  low  and  there  is  a 
plentiful  supply  of  air  over  the  top  of  the  fuel. 

In  the  transportation  of  coke  from  the  ovens  to  the  point  of  consumption 
it  is  handled  (1)  In  raib-oad  cars  for  (Shipment;  (2)  In  conveyors,  barrows,  or 
transfer  cars  at  the  ftunace  pi.  it;  (3)  In  charging  bins  or  hoppers  directly  over 
the  furnace;  so  that  it  is  common  practice  to  han  ile  at  least  three  times,  which 
results  in  a  comparatively  large  amount  of  breakage  in  soft  cokes,  which  may 
amount  in  extreme  cases  to  20  per  cent.  These  considerations  should  be  kept  in 
view  when  deciding  on  the  class  of  coke  for  a  particular  purpose. 

The  cellular  structure  of  a  coke  is  another  important  factor,  and  a  coke  which 
is  porous  and  readily  permeatable  by  gases  in  its  course  of  descent  is  the  most 
desirable.  This  quaUfication  not  only  increases  the  surface  for  the  combustion  of 
the  fuel,  but  also  admits  the  air  blast  to  penetrate  it  and  thereby  localize  complete 
combustion  at  a  zone  in  which  it  is  needed.  These  cells  are  usually  greater  than 
the  outside  appearance  indicates,  and  it  has  been  computed  that  a  coke  with  a 
good  cellular  structure  may  occupy  as  high  as  45  per  cent,  of  the  coke  space. 

The  porosity  of  a  coke  may  be  approximately  ascertained  by  immersing  in 
water,  and  comparing  the  weight  before  and  after,  which  gives  the  amount  of 
water  absorbed. 

Another  important  factor  in  the  quality  of  coke  is  purity,  which  has  reference 
to  the  respective  percentages  of  carbon,  ash,  sulphur  and  phosphorous.  As 
coke  is  a  derivative  from  coal,  the  impurities  bear  a  direct  relation  to  the  coal 
from  which  it  was  formed,  and  the  percentage  is  somewhat  larger  in  proportion, 
owing  to  the  coke  being  a  concentration  of  the  coal.  The  chief  constituent  is 
carbon,  which  is  the  heat-giving  element,  and  consequently  the  quality  of  a  coke 
is  rated  according  to  the  percentage  of  carbon  contained  therein.  An  analysis 
of  coke  from  the  most  important  coal  fields  of  U.  S.  A.  gave  a  composition  ac- 
cording to  the  following  table ; 

TABLE  13. 
GRADES  OF  COKE  FROM  U   S.  COALFIELDS 


Coal  Field 

Carbon 

Volatile 
Matter 

A!h 

Sulphur 

Phosphuro 

Alabama 

83.13 
87.22 

SS.60 
92.30 

2.75 
1.08 
1.12 
1.20 

U.IO 

11.70 

10.25 

6.50 

1.20 
.86 
.69 
.60 

.01.S 
.012 

.ooa 

.010 

Connelsville 

West  Virgmift 
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The  rtiMlarxty  of  a  coke  is  also  a  factor  which  is  recognized  to  be  o.'  impor- 
tance, and  coking  plants  endeavor  to  maintain  a  standard  by  discarding  portions 
of  the  coal  vem  that  is  high  in  impurities,  and  by  efficient  operation.     It  occasi,  n 
ally  happens,  however,  that  black  ends  are  seen  in  cokes  from  coals  which  are 
homogeneous,  and  are  -resent  entirely  to  improper  coking  methods. 

The  manufacture  of  coke  from  coal  is  briefly  that  of  driving  off  the  volatile 
matter  from  certain  classes  of  bituminous  coals,  which  have  properties  which 
cause  them  to  change  their  original  shape,  and  fuse  into  masses  of  porous  spongy 
matenal.  The  exact  theory  of  this  formation  has  not  been  thoroughly  defined, 
but  It  has  been  claimed  that  it  is  caused  by  isolation  of  a  compound  known  as 
carbene  C»Hu  O,.  During  the  period  between  slight  and  total  fusion,  there  is 
a  complete  decomposition  of  the  coal,  and  the  formation  of  a  new  structure  which 
bears  no  resemblance  to  its  original  form;  which  is  claimed  to  be  by  the  cohesion 
of  the  compound  carbeue.  This  theory  appears  to  gain  strength  by  that  fact 
that  certam  coals  of  the  non-caking  class  may  have  a  similar  composition  to  those 
of  the  caking  class,  and  have  their  volatile  matter  driven  off  under  similar  con- 
ditions, and  yet  retain  their  original  form  with  the  exception  of  being  charred. 

BEEHIVE  OVEN :  These  ovens  originally  consisted  of  dome-shaped  cham- 
bers, in  which  the  coal  was  placed  in  layers  at  the  bottom,  whilst  air  was  supplied 
through  a  door  in  the  side  to  support  combustion  of  the  volatile  master  from  the 
coal  At  the  present  time  the  greatest  portion  of  coke  is  made  from  some  modi- 
fication of  this  class  of  oven,  although  the  retort  and  by-product  ovens  are  claimed 
to  be  more  exconomical,  and  are  rapidly  displacing  the  former  class. 

TUe  bee-hive,  however,  is  stil!  installed  in  some  plants,  and  is  regarded  by 
many  as  being  productive  of  the  best  classes  of  coke.  Its  advantages  over  the 
by-product  ovens  may  be  stated  as: 

The  initial  outlay  of  capital  per  unit  of  coke  produced  is  con- 
less. 


side 


.  •„  ^T',  J^^  '^°^^  °'  °P«''3t'°"  's  comparatively  small,  and  does  not  require 
skilled  labor. 

(3)     The  operation  may  be  discontinued  or  resumed  with  less  incon- 
vemence  or  expense. 

In  the  present  form,  the  beehive  oven  is  from  12  to  15  feet  in  diameter,  and 

uJ  *°J  r*  ''.'""  ^^^  ^°"'  *°  ^^^  '*°'"^-  ^*  '^  constructed  with  a  tunnel  head 
H  Fig.  48,  for  charging  the  coal  and  taking  off  the  gases,  and  a  door  d  for  the 
admission  of  air  and  withdrawal  of  coke;  the  door  being  bricked  up  to  within 
about  one  inch  fro  the  top  dming  operation,  so  that  air  is  only  admitted  above 
the  charge,  and  the  volatile  matter  only  burned. 

The  heat  of  combustior  af  the  volatile  matter  maintains  the  temperature  of 
the  oven  and  charges  are  usually  made  very  48  or  72  hours.  In  the  48-hour  charges 
the  amount  of  coal  placed  in  12  foot  oven  is  approximately  10,000  pounds,  which 
lays  in  the  bottom  of  the  oven  at  a  depth  of  23  or  24  inches.  In  the  72-hour 
charge^  about  12,000  pounds  of  coal  is  placed  in  the  oven,  and  lavs  at  a  depth  of 
about  27  inches. 
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Immediately  the  charge  is  put  in,  the  temperature  of  the  oven  drives  off 
the  volatUe  matter,  which  is  burned  by  the  incoming  air.  and  the  combustion 
heats  the  dome  which  reflects  the  heat  upon  the  charge,  and  causes  coking. 
When  the  volatile  matter  has  been  driven  off,  the  bricks  in  the  door  are  removed, 
and  a  hose  is  turned  on  the  coke  previous  to  drawing.  The  72-hour  coke  is  more 
concentrated  than  the  48-hour,  and  is  generally  more  suitable  fm-  blast 
furnaces.  The  weight  of  the  coke  from  this  class  of  oven  is  from  60  to  75  per 
cent,  of  the  coal  and  somewhat  less  in  volume. 


n^  y 


I  ^/ 


^  i 


Figure  4S 

BY-PRODUCT  OVEN :  The  development  of  coke  ovens  from  the  original 
beehive  was  first  made  in  Europe,  particularly  in  Germany,  and  the  process  was 
improved  first  by  leading  the  excess  of  gas  through  combustion  flues  in  the  walls 
of  the  oven,  by  which  the  sensible  heat  from  the  burning  gases  were  utilized  to 
impart  heat  to  the  oven  instead  of  being  'os.'  in  the  atmosphere  as  in  the  original 
process.  It  was  later  claimed  that  it  "-  oe  to  advantage  to  heat  the  ovens 
by  gas  alone  without  any  combustion  takuig  place  within  the  oven;  and  that  the 
absence  of  air  would  prevent  oxidation  of  the  coke.  After  some  time  this  was 
modified  by  an  apparatus  in  which  the  gases  were  withdrawn  from  the  oven 
and  passed  through  suitable  washing  or  extracting  apparatus  for  the  recovery  of 
tar  and  ami.onia,  after  which  the  permanent  gases  were  fed  to  the  combustion 
flues  for  the  subsequent  heating  of  the  ovens.  The  process  has  since  developed 
in  a  variety  of  ways  embodying  these  principles,  of  which  the  most  illustrative 
will  be  described  in  the  following  pages. 

The  ovens  of  the  by-product  process  are  usually  rectangular  in  shape  and 
may  be  horizontal  or  inclined.    The  special  advantage  of  the  inclined  class  is 
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ZV^s  itLTL'^ 'r-^  '71  '!:'"  ""''''  ^""^  '-*°  ^-'^  "^  transportation 
in  Figs.  49  and  50  a  design  of  the  horizontal  clas.  is  shown,  in  which  the  ovln, 

L  Z  r"'''j^''.^''"^*"«  ^^"'^  ^'  -»°  -hich  coal  is  M  bj  :^;it  oU°r. 
L  and  hopper  //  which  runs  on  a  track  on  top  of  the  ovens.  The  coke  is  w^ 
drawn  rom  vents  which  have  removable  doors  rf.  An  a  r  pipe  r  ha^n"  ' 
senes  of  tuyeres  T  is  adapted  to  supply  air  to  the  bottom  of  Tbfd  o?Z  i; 

Trtrin  "^    r"*  '"'P''^**  "'1"°'  "P''"  the  incoming  gases.     This  liquo- 

»  d  awn  by  means  of  .  ump  p*  and  forces  such  to  the  fop  of  the  SuEr* 
where  .t  passes  downwa-.^s  while  the  gas  passes  up  and  out  through  thrninei 
into  a  rotary  washer  W.  which  also  contains  sulphate  liquor  "^  "^  ^ 


•a-  "M^-"^^ 


Kigure  49 

The  action  of  the  liquor  on  the  t  c;  ;  i  thp  sm.v.i  .,  ■=  ♦      u      .. 
amount  of  ammonia,  the'rem.indcr  of\:.,:h  ta Z     dV>  the  tSr  5"?;: 
punficd  gas  leaves  the  washer  by  way  of  pipe  ,.   and  pa.L    o  a  ho  d-  to  b 
used  for  power  or  heatmg  purposes.     The  liquor  passing  through  the  scrubber 
collects  .n  the  bottom  and  flows  through  pipe  /,'  to  the  washer  5  from  wS  iul 
Jn^t  .^  T''  ^V'"'  -circulates  through  the  scrubber  unti  r^Imetco.^ 
centrated  when  .t  .s  used  for  the  manufacture  of  sulphate  .  famZnh      U 

sTeaT:fihaTeT  ""' Jl*"  '^  '^'""'^^^^  '"  ''^'^  -'''-  and  s"  ubSs  in- 
stead  of  sulphate  hquor,  wh.ch  results  in  the  formation  of  ammoniacal  liouorfor 
the  manufacture  of  other  ammonium  compounds.  ammoniacal  liquorfor 

«nH  /i?  !!"  °P"^*'°"  °f  t»>^^^  °^'^"«  the  coal  is  first  charged  through  vents  C 
closed  and  vents  C  opened  .0  finish  the  carbonization  of  the  charge  to  the  desired 
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condition  of  the  coke.  During  this  part  of  carbonization  the  air  is  cut  off  from 
tuyeres  by  valve  V,  and  a  slight  amount  admitted  through  the  doors  d  until 
coking  is  complete.  The  charge  is  then  chilled  by  water  passing  along  spray 
pipe  S'  which  is  adjustable  at  S"  and  is  adapted  to  be  put  into  the  upper  part  of 
each  of  the  ovens  previous  to  the  withdrawing  of  coke.  The  spraying  device  is 
carried  along  frame  f  which  runs  on  a  track  t'  along  the  whole  length  of  the  bench. 

HEATING  RETORT  OVENS:  The  most  important  factor  in  the  econ- 
omical operation  of  coke  ovens  is  the  efficiency  of  the  heating  system,  and  it  has 
been  claimed  that  the  beehive  ovens  are  more  economical  than  the  retort  oven 
owing  to  there  being  no  loss  of  heat  by  radiation  by  the  internal  combustion  of 
the  fuel  direct  within  the  oven.  It  is  evident,  however,  that  the  retort  oven 
possesses  many  advantages  over  the  beehive  and  promises  to  become  more  popular 
with  improvements  in  the  heating  ssytcm,  which  combine  efiSctency  with  economy. 

In  this  system  the  whole  of  the  gas  distilled  in  the  oven  may  be  used  for 
domestic  and  industrial  purposes,  whilst  the  heating  system  is  affected  from  a 
producer  adapted  to  generate  gases  from  inferior  grades  of  fuel. 


Figure  SO 


In  order  to  illustrate  the  principle  of  the  heating  system  of  retort  ovens,  it  ia 
necessary  to  show  the  setting  in  sections  bearing  a  relation  to  each  other,  and 
Fig.  51  is  taken  on  lines  1  to  1'"  of  Fig.  5"A,  which  shows  the  producer,  air  re- 
cuperator and  combustion  flues  on  one  side  of  the  setting.  The  part  A  Fig.  52, 
is  a  vertical  cross-section  of  the  same  half  of  the  oven  setting  on  the  line  2  to  2* 
of  Fig.  51.  and  B  is  a  cross-section  of  the  other  half  on  line  3  to  3"'.  The  sec- 
tion A,  Fig.  63,  is  taken  on  line  4  to  4'"  of  Fig.  51  and  is  on  the  same  side  of  the 
oven  setting  as  B,  Fig.  52,  but  looking  in  the  opposite  direction,  whilst  B,  Fig. 
63,  is  on  the  same  side  as  A,  Fig.  52,  looking  in  the  opposite  direction,  and  is 
taken  on  lines  5  to  5'".  The  Fig.  54A  is  a  horizontal  cross-section  on  one  side 
of  the  setting  on  line  6  and  G',  Fig.  51,  and  B  is  a  similar  section  on  the  other  half 
of  the  setting  taken  on  line  7  to  7', 
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Referring  to  Figs  51  and  52,  O  is  the  coke  oven,  P  is  the  ws  Drodu«.r  r 

L^srofrsiT  ^'  z  -TT'r  ^'  -^  -»"^"^«- - 

setting.  ^  combustton  flues  on  the  opposite  side  of  the 

in.ett^rX  t  ^r^^S  orthT^rpLTorT^Sth'-  '^^  '  '^ 
enters  the  flues  p'  and  p.  fro.  which  it  is  Sbt  dt  veu"  flu" '^oc'ILd 
on  each  s.de  of  the  setting.  Dampers  are  provided  at  rf',  wS  I^^  clc^;i  wt' 
the  operafon  .s  commenced  by  inserting  a  rod  through  ^e  hand  hoS 

dunng  wh.ch  time  the  dampers  on  the  air  passages  are  deed     V^enTbcd  of 


Figure  51 

'm  i"hu?e  C  U  Tli'  "1  ''u"?''  '"*"  ""  "'«•""  '"'^""descent  body,  the  charg- 
ng  chute  C  >s  clo^.  and  the  flame  passes  downwards  and  generat;,  prSr 

SCrfl'"-r°'°  ""''''**  ""'^  '"'''"«''  ""-/•  and /r  to  riser  flue/    From 

?ue       .  of "th       Z  '"*"^"  ""'  '"^♦"»'"»-'^ «- A  f--  which  it  passes  up  vJS 
flues  /••  of  the  producer  gas  recuperators  G.     The  flues  P  are  «.nn„,l„^  k 
plurality  of  traverse  walls,  built  of  specially  sha^  tl; /ThhTTk    k   "  " 
upon  key  b.ocW  .   The  horizontal  part-ilions^  dS  trs^rin'  fro^of  I^d 
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rear  of  the  said  flues  in  such  a  manner  that  they  form  groups,  each  of  which 
comprises  two  separate  flues,  which  are  in  communication  through  spaces  5.  so 
as  to  form  a  return  bend  flue. 

A  pair  of  open  passages  p*  extend  longitudinally  to  the  recuperator,  and  serve 
to  conS  theSr  Lm  the  series  of  flues /» to  flues/*  and/».  and  thence  through 
port  p*  into  the  flue  /",  and  through  passages  p^o. 


J  : 


When  the  combustible  gas  has  passed  up  flues  /'»  it  flows  along  honzonta^ 
flues  /"  into  a  collecting  flue  P\  and  through  the  port  /."  to  a  nscr  flue /".  a-  d 
then«  through  flue  /••  to  downward  flue  /".  The  gas  then  passes  through  a 
serierof  ports  ^"  to  combustion  flues/'  and  enters  the  port  p'  on  the  other  s.de 
of  the  oven  setting  to  the  combustion  flues/". 

m  the  operation  of  this  setting,  the  fuel  in  the  producer  is  first  built  up  to 
form  a  highly  incandescent  body  which  will  generate  producer  gases  accordmg  to 
STpin  !?«  set  forth  in  U.e  previous  chapter,  ^"hen  th.  g..  »  sdRaently 
rich  to  btmi  freely,  the  hand  holes  which  give  access  to  ^^e  ^°'r''"»*'°".«""/. 
^  ope«d.  ««i  the  gases  flowing  from  port.  ^"  are  ignited  by  the  .nsert.on  of  a 
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^nZJl^T^'  T""  "^^  "^  ^'^  *^°  '«''*«*  *»  ^  P«rt.  the  dampers 

^iTi  .u  ■*'^  ^T  "*=  °P""^'  ^"^'^''y  »»>«  combustion  which  was 
««UaUy  by  the  a,r  from  the  hand  holes,  is  now  supported  by  air  from  the  nozzles. 

^  t^„""t  *:'«°™"^  combustion  within  the  flues,  the  products  of  which  pass 
down  through  the  passage  />»  at  the  end  of  the  combustian  flue  space.  The 
^f^^     7^'''T.  ^■'traverse  along  the  front  waU  W  of  the  oven,  and  then 

S^filT^ri?  f'  ^  .?'  'f  "■  ^"^  "'''^'"''^  ^^  ^-  '"»°  'hre;  streams. 
Sthetill  f  P«f^s  through  port  />.«  and  duct  rf»  to  the  induction  chamb*; 
of  the  mjector  /.     Th.s  stream  mixes  with  the  air  from  the  duct  d",  and  the  com- 


Pigure  54 

i"?' t  ^'"li""'*'  **™"«*'  ^'  '"J"^*'^  *"to  the  gas  producer  and  through 
the  fuel  bed.  The  second  stream  of  combustible  gases  from  flue  /••  passes  into 
passage  ^.',  and  through  flues  /■•  to  connecting  passage  p'*  of  the  producer  gas 
recuperator  G.  and  mto  the  flue/.*  and  connecting  passage  of  the  air  recuperator 

t  ,u        T'      °"  "^"^^'^  ^"  ^^^^  *°  '•^f"'"*^  »*•"=  0°''  «f  combustible  g»^ 

L       J'l^T'  l"'  /"■•"P«"»t«''      The  third  stream  of  combustion  gases  pass 

^ough  the  length  of  flue/...  and  into  passage  5.  from  which  it  flo^  thrcJl^ 

tse  flues  /»,  and  finally  mixes  with  the  combustion  gases  from  rrouperator  G 
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and  passes  through  outlet  0'  to  the  smoke  stack  flue  S'.  A  damper  d'  serves  to 
regulate  the  flow  of  gases  through  0',  and  by  careful  adjustment  of  this  in  con- 
junction with  dampers  d*  and  d'  any  desired  distribution  of  flue  gases  between 
the  gas  and  air  recuperators  can  be  obtained. 

After  the  producer  fire  has  been  tinkered  and  the  bed  of  Uve  fuel  has  been 
drawn  down  on  to  the  grate  bars  by  the  removal  of  the  clinker,  the  damper  d  is 
slightly  opened,  which  allows  a  small  portion  oi  air  entering  the  passage  p*  to 
pass  through  the  duct  to  the  ash  pit  of  the  producer.  It  then  passes  through 
the  grate  bars,  and  consumes  any  residual  carbon  that  may  have  moved  down 
unbumt  on  the  grate  by  the  shaking  of  th.;  fire  during  the  clinkering  period. 
By  this  means  the  grate  bars  are  protected  against  injurious  high  temperatures 
brought  down  upon  them  by  the  down-draft  immediately  after  the  cHnking  period 
when  the  bars  are  covered  with  a  comparatively  large  amount  of  Uve  fuel. 

When  normal  operating  conditions  of  the  producer  have  been  established, 
a  blast  of  air  from  blower  F  is  passed  into  recuperators  A.  A  small  amount  of 
this  air  is  passed  to  the  ash  pit  and  upward  through  the  lower  part  of  the  fuel  bed. 
whilst  the  greater  portion  passes  to  the  recuperators.  The  latter  portion  is  thus 
heated  by  the  hot  products  of  combustion  passing  through  the  flues  /»,  after 
which  it  divides  into  two  str-^ams,  one  of  which  goes  to  the  producer  and  the  other 
goes  to  the  combustion  flues  around  the  oven.  The  gases  from  the  producer 
pa.ss  through  recuperators  G,  whe.e  the  temperature  is  raised  by  the  hot  products 
of  combustion  through  flues /•';  and  from  the  said  recuperators  the  gas  flows  to 
ports  p"  up  each  side  of  the  setting  and  into  the  combustion  flues,  where  it  is 
burned  by  the  superheated  air  from  nozzles  A".  The  hot  combustion  gases  on 
passing  through  the  flues  give  up  the  greater  portion  of  their  heat  to  the  oven, 
after  which  they  split  up  into  three  streams,  and  pass  to  the  producer,  the  pro- 
ducer gas  recuperator,  ard  air  recuperator,  as  previously  described 

COKE  QUENXHING:  When  a  charge  of  coal  has  been  completely  carbon- 
ized, it  is  common  practice  to  employ  some  form  of  water  spray  for  quenching  the 
coke,  which  results  in  the  vaporation  of  water  to  steam.  This  steam  has  been 
collected  and  used  for  various  purposes,  but  in  many  cases  it  is  objectionable, 
owing  to  the  presence  of  a  large  amount  of  sulphur  and  ammonia  compounds 
which  are  evaporated  with  it.  Whilst  these  compounds  are  objectionable  in 
certain  cases,  they  are  of  value  as  by-products,  and  by  passing  the  steam  into  the 
gas  producer  the  nitrates  and  sulphates  can  be  recovered. 

It  is  obvious,  however,  in  quenching  the  coke  the  steam  is  generated  at 
interval.^  which  bear  no  relation  to  the  rate  at  which  it  may  be  fed  to  the  producer, 
for  which  reason  the  steam  has  to  be  stored  as  hot  water. 

The  principles  of  heat  storage  from  steam  is  well  known  in  various  processes 
and  is,  briefly,  that  of  leading  the  steam  into  water  to  which  it  gives  up  its  heat, 
and  renders  the  liquid  capable  of  being  evaporated  at  a  comparatively  smaller 
cost  of  fuel. 

In  this  particular  example  of  heat  storage  from  the  sleam.  the  arranKcmcnt 
of  plant  is  somewhat  different,  and  is  illustrated  in  Fig.  56.  in  which  O  is  a  series 
of  ovens  of  thi  rctcrt  class,  from  which  coke  is  discharged  into  a  truck  t,  which  i» 
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provided  with  perforated  walls  for  expansion  due  to  the  hot  coke.  The  loaded 
truck  is  run  on  to  a  platform  P  over  a  water  tank  W.  through  a  door  in  the  tower 
/'.  The  platform  is  adapted  to  be  lowered  into  the  tank  to  quench  the  coke, 
during  which  time  the  door  of  the  tower  is  closed.  The  steam  generated  by  the 
quenching  rises  in  the  tower  and  is  brought  into  direct  contact  with  hot  water 
passing  down  a  series  of  baffles.  By  this  means  the  steam  gi/es  up  its  heat  to 
the  water  by  which  it  is  condensed.  A  pump  p'  forces  water  from  the  storage 
tank  t",  to  which  the  water  returns  after  passing  through  the  tower,  and  a  pump 
p"  also  forces  water  from  tank  /"  to  tower  t*.  which  has  a  series  of  baffles  b. 

A  blower  b'  has  its  intake  joined  in  the  upper  part  of  the  tower  t*,  and  draws 
air  through  holes  h  at  the  bottom  of  the  tower,  so  that  the  air  is  heated  and  be- 
coii.cc  saturated  with  water  vapor,  which  carries  in  suspension  with  it  the  vapors 
of  ar,monia  and  sulpjiur  compounds.  The  mixture  is  then  passed  to  the  gas 
producer  p*  for  the  generation  of  pases  for  heating  the  ovens,  after  which  the 
producfa  of  combustion  are  passed  through  scrubbing  and  washing  apparatus 
for  recovery  of  the  desirable  compounds. 


M. 


■'■    H, — r.',:-i<:^ir$^ 


Figure  56 

AUTOMATIC  CONTROL  OF  COMRUSTION:  In  the  utiliiation  of  coke 
in  gas  producers  which  serve  to  heat  the  ovens,  some  difficulties  have  arisen  in 
the  uniform  distribution  of  heat,  in  that  the  fuel  is  apt  to  be  completely  burned 
in  the  lower  part  of  the  combustion  chambers,  with  the  subsequent  evolution  of 
heat  therein,  at  the  expens;  of  heat  around  the  top  of  the  oven.  This  has  the 
effect  of  completely  carbonizing  the  coal  in  the  oven  at  the  bottom  long  before 
the  top  is  carbonized,  which  results  in  a  coke  not  homogeneous. 

rhe  concentration  of  heat  near  the  lower  part  of  the  combu.stion  chambers 
frequently  becomes  so  great  that  it  tends  to  destroy  the  by-product.;,  and  simul- 
taneously results  in  the  rapid  deterioration  of  the  chamber  walls.  These  con- 
ditions have  long  been  a  source  of  objection  to  the  use  nf  fuels  hiKh  in  carbon, 
such  as  the  coke  produced  in  the  ovens,  and  various  apparatus  have  been  designed 
to  obviate  the  objections  in  an  eflScient  and  economical  way. 
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In  certain  designs  of  ovens  the  gas  generated  therefrom  is  led  into  the  com- 
bustion chambers  surrotmding  the  ovens,  and  ate  utilized  for  the  subsequent 
heating  of  the  oven  from  which  it  was  originally  distilled.  This  practice  under 
average  conditions  is  net  economical,  as  the  gases  are  usually  more  valuable  for 
the  manufacture  of  by-products,  although  it  occasionally  happens  that  the  storage 
of  these  becomes  too  large  for  various  reasons,  and  the  use  of  such  a  fuel  then 
becomes  an  economy. 

The  use  of  these  gases,  either  isolated  or  in  conjunction  with  gases  from  the 
producer,  has  resulted  in  many  cases  of  uneven  distribution  of  heat,  and  the 
localizing  of  extremes  of  intensities  owing  tothedi£Ferent  composition  of  the  gases 
from  the  ovens  and  those  from  the  producer. 

In  the  design  of  apparatus  illustrated  hereafter,  the  mechanism  associated 
is  adapted  to  be  largely  automatic  in  operation,  and  may  be  readily  adjusted  to 
control  under  vi<rying  conditions  as  desired. 

The  process  will  first  be  illustrated  in  its  appUcation  to  coking  plants  of  the 
combination  type,  which  are  provided  with  means  for  pre-heating  the  fuel  gas 
by  passing  through  regenerators  previous  to  combustion,  or  admitting  direct  to 
the  combustion  chuml-ers  without  pre-heating. 


Figure  56 

In  Figs.  56  and  67  it  is  seen  that  a  plurality  of  coking  chambers  C  alternate 
with  a  seres  C  and  combustion  chambers  C".  The  chambers  C  and  C"  are 
constructed  by  walls  of  highly  refractory  material  and  extend  clear  across  the 

oven.s  as  seen  in  Figs.  68  and  69,  the  former  of  which  is  taken  on  line  1 1  of 

Fig.  67.  In  each  combustion  chamber  three  inlets  are  provided,  of  which  two 
of  them  i  are  adapted  to  admit  either  all  air  or  air  and  fuel  gas  from  regenerators 
as  desired;  whilst  c  third  t'  is  adapted  to  admit  fuel  gas  which  has  not  passed 
through  a  regenerator  from  a  main  M,  Fig.  60.  These  inlets  all  open  vertically 
into  the  combustion  chambers  so  that  the  air  and  gas  moves  -  .  substantial 
parallelism.    The  regeneratf  rs  R,  of  which  there  ari>  two  sets,  extend  throughout 
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the  whole  length  of  the  battery,  as  shown  in  Fig.  59.  These  a.e  set  under  each 
transverse  half,  and  are  separated  by  a  pltirality  of  mptn  dividing  walls  W  and 
partition  walls  W.  The  said  partition  walls  serve  tc  'ide  each  space  between 
the  two  main  division  walls,  and  with  the  inti  rior  o.  ihe  combustion  chambers 
through  the  apertures  ».  In  this  arrangement  it  is  evident  that  the  two  regenera- 
tors provided  on  each  side  of  the  main  wall,  communicate  with  the  combustion 
chambers  immediately  above  the  wall,  so  that  if  it  is  desired  to  pass  the  fuel  gas 
through  regenerators,  it  may  be  admitted  to  adjacent  regenerators  separated 
by  the  partiUon  wall  H"  from  main  M'.  Fig.  59,  that  leads  into  alternate  pairs 
of  regenerators  2  2,  Fig.  58;  whilst  air  is  admitted  to  the  remaining  regener- 
**°"  3  3,  by  which  it  is  able  to  admit  air  and  fuel  gas  into  each  combustion 
chamber  as  desired. 


Figure  57 

When  the  fuel  gas  is  introduced  into  the  combustion  chambers  without 
being  pre-heated  by  regenerators,  it  is  conducted  through  the  main  M,  which  is 
connected  at  intervals  with  a  cross  pipe  p',  extending  between  each  set  of  com- 
bustion chambers,  and  from  which  suitable  connections  lead  to  inlets  ♦'.  The 
two  sets  of  regenerators  are  operated  alternately,  one  of  which  is  adapted  to  heat 
the  air,  or  air  and  fuel,  while  the  other  is  receiving  heat  from  the  products  of 
combustion  in  the  chamber  C".  Each  series  of  combustion  chambers  open  into 
flue/'.  Fig.  57,  which  extends  the  whole  length  of  the  setting  over  the  wail  W" 
which  separates  each  individual  combustion  chamber.  The  products  of  com- 
bustion from  the  chambers  pass  over  and  down  the  remaining  chambers  com- 
municating with  the  regenerators  and  then  into  flue  /",  which  leads  to  stack  5, 
?ig.  61.  The  reKcnerators  R'  also  communicate  wth  flue  /"  through  a  connec 
tion  C,  Figs.  62  and  63,  which  comprises  a  valve  chamber  V  leading  one  end  p" 
to  a  passage  p*  communicating  at  one  end  with  the  flue  /",  and  at  the  other  end 
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p*  with  the  entrance  p*  of  regenerator  R'.  The  passage  p'  is  adapted  to  be  closed 
by  a  mushroom  valce  V  co-acting  with  the  seat  5',  and  is  operatively  connected 
to  mechanism  which  is  adapted  to  open  the  passage  p*  leading  to  one  flue  /", 
and  simulatneously  close  the  passage  leading  to  the  other  flue  /".  The  air  is 
admitted  to  each  regenerator  by  way  of  pipe  P*  which  may  be  closed  by 
valve  V,"  and  is  adapted  to  communicate  with  each  connection  C*.  The  valves 
V"  and  V  are  connected  together  so  that  they  both  actuate  simultaneously. 


f5*     i 


Figure  58 

On  each  side  of  the  battery  a  cable  C*  is  provided,  and  is  secured  by  stops 
S"  which  are  appropriately  spaced  to  move  past  the  connections  C  when  the 
cable  is  operated.  The  operating  mechanism  of  one  valve  is  a  duplicate  of  the 
other,  £.^d  the  description,  therefore,  will  be  confined  to  one  only.  A  pair  of 
arms  d,  Pigs.  64  and  65,  extend  upwardly  from  the  top  of  each  connection  O, 
and  carry  in  their  upi>er  ends  a  normally  revoluble  shaft  S'.  At  one  end  of  the 
shaft  there  is  fixed  an  arm  A,  which  is  bifurcated  at  its  lower  end  b.  The  cable 
C*  extends  through  the  lower  end  of  the  arm.  and  is  held  in  position  by  a  pulley 
p''  carried  in  the  lower  end  of  the  arm.  An  arm  A '  is  also  fixed  on  the  shaft  S' 
end  extends  forwardly  towards  the  mushroom  valve  V.    At  the  free  end  of  the 
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arm  there  is  provided  a  chain  C*  which  is  adapted  to  lift  the  said  valve  when  the 
shaft  5*  is  moved  from  the  position  shown  in  Fig.  66  to  that  shown  in  Fig.  64, 
by  the  movement  of  the  arm  A.  On  the  top  of  the  connection  O  a  bell  crank  C* 
is  pivoted  at  p%,  and  has  an  arm  extending  over  the  valve  V",  and  is  connected 
therewith  by  a  pivot  />».  The  rod  R"  is  also  pivoted  to  the  bell  crank  at  O, 
and  extends  through  a  slot  in  the  arm  <4»,  which  is  secured  on  the  shaft  5»  and  is 
-araUel  with  arm  i4.  On  the  other  end  of  the  rod  R"  a  stop  5«  is  provided  so 
t  lat  the  swinging  of  the  arm  A  will  move  the  bell  crank  C«  about  its  pivot  and 
thereby  actuate  the  valve  V".  The  stops  on  the  cab.t  C«  are  arranged  so  that 
they  will  first  engage  the  arms  to  the  left,  Fig.  65,  and  move  the  arm  A  so  that 
it  opens  the  valve  V  and  closes  the  valve  V"  when  the  cable  is  moved  in  one 
direction,  and  to  engage  the  vm  on  the  right  when  the  cable  is  moved  in  the 
opposite  direction,  and  thereby  close  valve  V  and  open  valve  V". 


Figure  59 

UTien  a  gas  of  low  calorific  value  is  being  used,  such  as  those  from  a  producer, 
it  is  passed  through  alternate  pairs  of  regenerators  2  2,  Fig.  60,  entering 
such  through  the  connection  O  and  pipe  />'«,  Fig.  62.  This  pipe  leads  from  a 
main  w',  and  is  provided  with  an  opening  in  the  air  inlet  p«  of  the  connection  C. 
A  valve  K»  is  located  on  each  pipe  p>»,  and  each  valve  has  connecting  arms  A" 
to  the  cable  C«,  so  that  they  operate  simultaneously  with  the  air  valve  V"  of  the 
connection  O,  which  are  connected  to  adjacent  regenerators  3  3.  The  pivot 
^«  of  the  valves  V"  of  the  regenerators  2  2,  through  which  the  gas  is  passed, 
are  removed  so  that  the  valves  remain  clased  and  uninfluenced  by  the  valve  oper- 
ating mechanism.  When  a  gas,  however,  is  not  passed  through  the  regenerators 
the  main  m'  is  cut  off,  either  by  valves  V\  which  may  be  dissociated  from  the 
operating  mechanism  and  left  closed,  or  by  disconnecting  the  pipes  pie  and  dos- 
ing their  open  ends  by  flanges.  Under  th»se  conditions  the  gas  is  admitted  to 
the  combustion  chambers  from  the  main  M.  through  connections  C«  which  lead 
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to  the  auxiliary  main  p',  and  the  air  is  admitted  to  all  regenerators  2 2  and 

8 3  at  the  appropriate  side  of  the  plant;   the  valves  V"  of  the  connections 

C*  leading  to  the  regenerators  2 2  being  connected  to  the  operating  mechan- 
ism for  this  purpose.  On  the  connection  C»  there  is  provided  a  cock  C*  which  is 
connected  to  an  operating  arm  A',  Figs.  57.  64  and  66.  All  these  arms  are  con- 
nected with  a  cable  C"  on  each  side  of  the  plant,  so  that  the  cocks  C*  are  actuated 
together. 


Figure  60 

Under  theiie  couditions  where  the  coking  plant  is  being  heated  by  producer 
gas  alone,  the  combustion  in  the  chambers  is  somewhat  slow  owing  to  the  low 
calorific  value  of  the  gas.  When  the  air  and  gas  is  drawn  through  the  setting 
by  the  draft  of  the  stack,  the  evolution  of  heat  in  the  combustion  chambers 
is  evenly  distributed  on  the  walls  of  such  owing  to  the  comparatively  slow  rate 
of  combustion,  which  enables  the  stack  draft  to  substantially  move  the  burning 
gases  to  the  top  of  the  combustion  chambers  before  all  the  heat  has  been  given  up 
in  the  lower  part  of  the  chambers. 

With  the  use  of  coke  oven  gas.  which  has  a  calorific  value  comparatively 
higher,  it  is  more  difficult  to  distribute  the  heat  evenly  owing  to  the  specific 
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gravity  of  the  gases  being  much  lower  than  that  of  the  air  fw  combustion  and 
consequently  the  combustion  is  localized  in  the  lower  parts  of  the  chambers, 
and  therein  produces  extremes  of  intensity  on  one  part  to  the  defect  of  another. 


^k. 


Pigttre  61 


Figure  62 


In  order  to  remedy  these  conditions  and  preve* 
that  by  admitting  a  combustion  supporter  i. 


-'izing  of  heat,  it  is  found 
ie  at  high  velocities,  the 
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rapidly  combustible  gases  can  be  made  to  substantially  reach  the  tops  of  the  com- 
bustion chambers  before  they  are  completely  burned,  and  thereby  produce  an 
elongated  flame  in  each  chamber. 

The  fluid  used  to  support  the  combustion  of  gases  under  wdinary  conditions 
«  atmospheric  air,  but  owing  to  the  high  velocities  at  which  it  is  admitted  in  this 
vase,  the  proportion  of  oxygen  which  is  the  combustion  supporter,  is  found  to  be 
too  large,  and  the  excess  produces  complete  combustion  immediately  it  meets 
the  r  ch  gases.  It  is  found,  however,  that  by  diluting  the  air  with  bi^nt  gases, 
or  gases  which  will  not  support  combustion,  the  desired  results  are  much  improved. 
The  burned  gases  b'-'^  led  from  the  flues  end  mixed  with  air  previous  to  entering 
the  regenerators,  and  on  leaving  the  latter,  the  mixture  is  forced  into  combustion 
chambers  at  a  desired  pressure  under  which  the  combustion  is  caused  to  travel 
over  the  whole  surface  of  the  chambers. 


Figure  63 


n 


The  mixture  of  air  and  flue  gas  leads  into  the  regenerators  through  the  valves 
V"  and  is  conveyed  to  the  connection  O  to  the  stack  flue  /"  communicating 
with  regenerators  pre-heating  the  air,  as  indicated  by  arrows  to  the  right  of  Fig. 
57.  The  two  flues  /"  are  connected  by  i  union  from  which  a  flue  /•  leads  to 
stack  flue  5;  dampers  d'  and  d"  being  provided  to  cut  off  the  respective  flues 
from  the  iwion.  The  air  is  delivered  into  flue/"  by  a  pipe  p"  leading  into  each 
flue,  and  communicating  thereto  at  C'».  A  pair  of  dampers  d'  and  d*  axe  adapted 
to  co-operate  with  the  dampers  d'  and  d"  to  establish  communication  between 
one  flue  /"  and  flue  f.  When  the  air  is  being  delivered  to  regenerators  through 
the  flues/",  instead  of  valves  V",  the  said  valves  are  kept  in  their  closed  position 
on  both  sides  of  the  plant,  and  the  mushroom  valves  V  are  kept  in  their  open 
position.  This  is  effected  by  the  adjustment  of  the  valve  operating  mechanism, 
and  pins  p^*  are  inserted  in  aperatures  extending  through  the  bearings  in  the 
arms  d,  and  through  the  shaft  S',  whilst  the  arms  A  arc  disconnected  from  the 
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shaft  by  withdrawing  the  keys  K.  This  permits  the  arms  A  to  move  freely 
under  the  action  of  the  stops  S",  without  affecting  the  position  of  the  valves  or 
other  mechanism  associated  therewith. 

The  flue  gas  when  taken  from  passage  p  is  mixed  with  air  in  the  pipe  />>», 
Fig.  61,  and  a  pipe  p"  connected  with  the  flue/'  is  provided  with  a  fan/«  for  the 
drawing  of  gas  therefrom.  The  fan  isconnectedbyapipe/»'«withthepipe/)"  the 
latter  of  which  receives  air  from  a  fan  p.  The  two  fans  thus  provided  are  adapted 
to  draw  flue  gas  and  air  respectively,  and  fo  permit  the  formation  of  a  pre- 


Figure  04 

determined  mixture  of  these  rtuids,  the  f?ue  jjas  pipe  is  provided  with  a  damper 
rf'  and  the  air  pipe  with  a  damper  d*.  Under  such  provision  it  is  obvious  that 
the  relative  proportion  of  flue  gas  can  be  obtained  by  the  adjustment  of  the  two 
dampers,  and  the  speed  of  rotation  of  the  fans.  A  damper  rf'  is  also  provided 
m  each  connection  C>  and  is  operativcly  connected  to  the  cable  O.  so  that  their 
position  is  regulated  in  accordance  with  the  regenerators  being  used  for  pre- 
heatmg  the  mixture.  When  air  and  gas  are  being  conducted  through  the  con- 
nection C«,  an  unrestricted  opening  is  effected  through  the  connections,  and  when 
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flue  gas  alone  is  being  conducted  to  the  stack  flue,  the  damper  is  partially  closed, 
so  that  the  flue  gas  is  not  drawn  through  the  regenerators  being  heated  too 
rapidly.  The  movement  of  this  dtunper  is  affected  by  the  arm  /4'  which  is  fixed 
on  the  pivotal  axis  of  the  damper.  The  end  of  the  arm  is  loosely  connected  by  a 
chain  O'  with  the  end  of  a  weighted  arm  A*  pivotally  carried  on  a  stop  S",  and 
the  movement  of  the  cable  C*  causes  the  dampers  to  swing  from  side  to  side  as 
the  direction  of  the  flow  of  gas  through  the  plant  is  reversed. 


j'l- 


Fifure  65 

The  movement  of  the  dampers  is  limited  by  the  stops  .S'»  protruding  across 
the  path  of  movement  of  the  arm  /I'.  The  stops  are  secured  in  slots  5*  provided 
in  a  bar  b'  which  is  made  fast  on  "ach  conn  ction.  The  position  of  the  stops  are 
djustable  by  moving  them  into  a  different  slot  and  this  permits  adjustment  of 
the  extreme  positions  of  the  dampers  under  the  action  oi  the  weghted  arm  A*. 

The  apparatus  will  now  be  illustrated  to  the  type  of  plant  in  which  the  gas 
is  not  pre-healed  by  ibe  rcK^nerulurs.  In  Vigs.  Ct6  lu  68,  the  modifications  are 
shown,  and  the  figures  represent  parts  similar  to  Pigs.  68,  60,  61  and  SO,  retpec- 
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tively.    The  plant  is  similar  in  construction  and  valve  mechanism,  with  the  ex- 
ception  that  no  partitions  are  provided  between  the  main  walls  W  of  the  sets  of 


FifUR  67 


regenerators,  and  also  two  inlets  only  are  provided  in  each  combustion  chamber 
One  of  these  «"  is  for  the  admission  of  air  from  the  single  regenerator  R"  hotw>*r 


single  regenerator  R"  between 
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the  walls  m.  and  the  other  G  is  for  fuel  gas  from  branch  main  m"     Both  of 
these  .nlets  are  vertically  disposed  adjacent  to  the  combustion  ch«nbers,  «^t 

^r«'^^        K*^  '"  ''"'.^"■'^  **^°"«''  **"^  '°**°  «*  communicating  with 
.  mam  m     through  connection  O*  provided  with  valves  K«  adapted  to  be 


^^^^^^ 


^^^^^^ 


Picure  68 


Pisure  eg 

operated  by  arms^'  engaging  at  their  ends  in  cable  OK    The  ur  valves 
described  m  the  previous  apparatus,  and  are  operated  by  similar  JSianis" 
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The  two  types  are  in  other  respects  similar  in  construction,  and  from  the 
foregoing  description  it  s  evident  that  by  diluting  the  atmospheric  air  with  gases 
which  do  not  support  combustion,  the  rich  combustible  gases  are  caused  to  bum 
at  a  slower  rate,  and  the  increased  velocity  at  which  the  combustion  supporter 
IS  admitted  causes  the  burning  gases  to  travel  over  the  whole  surface  of  the 
chambers  and  thereby  distribute  evenly  and  produce  a  better  grade  of  coke. 

In  the  mechanism  associated  with  these  plants  it  is  obvious  that  the  rate 
of  combustion  can  be  positively  and  accurately  controlled  by  the  adjustment  of 
the  dampers  and  speed  of  rotation  of  the  fans,  to  meet  the  requirements  of 
varying  compositions  of  gas  according  to  the  relative  percentages  of  producer 
and  coke  oven  gas,  and  the  maintenance  of  temperatures  around  the  ovens 
which  are  found  to  be  speciaUy  suitable  to  certain  classes  of  coking  coals 
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COMPOSITION:  A  form  of  solid  fuel  that  has  been  developed  with  a  re- 
markable degree  of  success  in  many  localities,  is  a  composition  of  matter  molded 
together  to  form  a  fuel  of  convenient  and  standard  size.  These  substonces, 
which  are  commercially  known  as  briquets,  have  been  made  of  various  composi- 
tions of  matter  according  to  different  localities,  but,  in  general,  it  may  be  said 
that  they  are  composed  of  some  form  of  finely  divided  carboneous  matter  held 
together  by  a  high  compression  or  an  adhesive  substance  to  form  a  fuel  of  hetero- 
geneous structure. 

PEAT:  The  development  of  the  peat-bogs  into  commercial  fuel  gives 
promise  of  a  great  future,  and  should  be  of  special  interest  to  Canada,  when  it  is 
considered  that  some  thirty  million  acres  are  known  to  be  peat-bogs.  The  treat- 
ment of  peat  for  the  manufacture  of  fuel  may  differ  according  to  commercial 
conditions,  and  it  may  be  destructively  distilled  for  the  manufacture  of  coke  and 
by-products,  or  disintegrated  and  compressed  for  the  manufacture  of  briquets. 
The  composition  of  peat  is  practically  the  same  as  coal,  and  differs  only  in  that 
it  has  a  lower  density,  contains  a  high  percentage  of  moisture,  and  is  less  con- 
centrated. The  subject  of  re-modelling  peat  into  commercial  fuel  has  been  dis- 
cussed considerably  in  the  last  few  years,  and  schemes  have  been  approved  and 
disapproved  by  various  experts.  That  peat  can  be  successfully  converted  into 
useful  fuel  is  undoubted  by  the  writer,  but  the  prospect  of  commercial  success 
lies  more  in  the  economy  of  preparation  of  the  peat  previous  to  carbonization 
or  briquetting.  The  conversion  of  raw  peat  into  producer  gas  is  illustrated  in 
Fig.  44,  page  88,  and  such  plant  is  admirably  suitable  for  power  purposes  in  the 
vicinity  of  production,  but  for  general  use  the  peat  must  necessarily  be  converted 
into  a  fuel  of  higher  heat  value  per  pound  before  it  can  be  economically  trans- 
ported to  industrial  centres. 

PREPARATION:  The  preliminary  expenses  in  the  preparation  of  peat 
lies  in  the  excavation,  cutting,  and  drying,  and  it  is  necessary  to  review  the  de- 
velopments in  these  lines  before  considering  the  actual  carbonization. 

The  greatest  developments  have  been  made  in  the  North- West  European 
countiies,  and  the  peat  has  been  largely  subjected  to  destructive  distillation  with 
the  object  of  recovering  nitrates  for  the  manufacture  of  explosives.  The  nature 
of  peat  is  not  favorable  for  coking,  and  when  the  manufacture  of  fuel  is  the  first 
mportance,  a  briquetting  process  is  the  most  satisfactory. 

The  process  of  excavation  and  cutting  of  peat  as  adopted  in  Europe,  con- 
sists of  a  portable  centrifugal  pump  dredger  with  a  rotary  cutter  on  the  suction 
pipe  to  reduce  the  peat  to  a  pulp,  or  other  floating  outfit  of  similar  construction. 
The  dredger,  or  primary  cutter,  consists  of  rectangular  frames  with  sharp  edges, 
the  bottom  of  which  is  provided  with  large  valves  which  open  when  the  frames 
are  pressed  down,  and  closed  by  the  weight  of  the  peat  when  it  is  lifted.  The 
frames  are  lifted  with  racks  and  pinions.  The  peat  is  then  dumped  at  the  suction 
pipe  of  the  pump  where  it  is  reduced  to  a  pulp  by  rotary  cutters  and  the  pulp, 
which  consists  of  about  90  per  cent,  water,  is  conveyed  through  piping  to  a  wooden 
trough  leading  to  the  drying  plant,  which  may  be  of  indefinite  distance. 

The  greatest  difficulties  and  expense  in  the  prepar-ition  of  peat  has  been  in 
the  elimination  of  the  high  percentage  of  moisture,  and  it  has  been  treated  by 
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^'!^'  7  *i™^°^  machinery;  chambers  in  which  dry  air  is  forced  through 
and  other  drying  apparatus  designed  to  remove  the  moisture  at  the  least  cost 

.!.«  I!  t^"^  "°*'"*  **"**  ^'^  mechanism  for  the  primary  treatment  of  peat 
should  be  easdy  transportable,  as  the  location  of  the  source  of  raw  materi^  is 
contmually  changmg.  and  it  is  more  economical  to  eliminate  the  v.ater  as  near 
to  the  source  as  is  practical,  and  avoid  unnecessary  weight  in  its  transportation 
to  Uie  manufacturing  plant.  In  ordetto  meet  these  condiUons,  the  simplicity 
of  design  IS  an  important  factor,  and  the  supporting  frame  for  the  operatir^g 
mechanism  should  be  of  bolted  wood  or  steel  so  that  it  can  be  easily  takeVdow^ 
and  rebuilt  when  ite  movement  in  one  piece  is  impractical;  an  incident  which 
frequenUy  takes  place  owing  to  the  difficulty  of  travel  in  the  bogs. 


Figure  70 


tr»,.i  T  Tn  ^^u^-"""*  ^''*"  °'  '*"'""'•  ''^'''^  '^  '^""y  t°  construct,  is  illus- 
trated m  Fig.  70.  This  apparatus  consists  or  a  wooden  frame  upon  which  bear- 
ings are  mounted,  and  carry  a  squeezing  drum  D.  a  driven  pulley  p.  and  a  pair 
of  counter  pulleys  C  and  C.  The  whole  is  driven  from  a  power  shaft  p'  Vhe 
wiT  T^i  a  driving  band  formed  of  a  sprocket  chain  carrying  wooden  boanls 

7^1  rr  t  !  1"  f"^  *°  ^'^^^  °"  *'«^  '«'««=«'"8  drum.  The  wet  pea-  is 
fed  on  to  the  band  >n  front  of  the  squeezing  drum  and  t-avels  through  the  crush- 
ing boards  to  a  point  beyond  the  highest  part  of  the  drum,  where  it  is  removed 
by  a  scraps  and  delivered  through  ashute  on  to  conveying  or  other  transportable 
apparatus  for  shipment  to  the  plant.  At  the  point  R  a  series  of  rollers  located  in 
an  iron  frame,  are  adapted  to  exert  a  pressure  on  the  back  of  the  conveying  band 
and  the  squ.  -Irum  is  mounted  in  adjustable  bearings  held  by  springs,  so 

mat  tney  y  „  the  pre8.«mre  h    omes  above  the  normal  by  the  passage  of 
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an  excess  of  material  or  solid  obstacles,  which  are  liable  to  be  carried  along  with 
the  peat. 


EKENBERG'S  WET-CARBONIZING  PROCESS:  The  wet  carbonizing 
process  has  a  particular  advantage  in  that  the  volatile  constitients  of  the  peat 
are  retained,  which  makes  the  final  product  more  equal  to  coal.  The  principles 
of  this  process  lies  in  subjecting  the  peat  to  a  temperature  of  180  to  230°F.,  or 
sufficient  to  evaporate  the  moisture,  and  it  is  carried  out  under  a  pressure  of 
200  to  300  pounds  per  square  inch,  which  prevents  the  formation  of  steam. 
Under  these  conditions  the  slimy  hydro-cellulose  is  destroyed,  which  has  the  effect 
of  altering  the  properties  of  the  peat,  and  disintegrating  it  so  that  the  water  can 
be  easily  pressed  out.  This  process  is  suitable  for  peats  of  all  ages  of  ripeness, 
and  disintegrates  the  young  and  old  peats  alike. 


jOuO' 
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The  general  construction  of  the  wet-carbonizing  plant  is  simple,  and  the 
operation  is  continuous.    The  raw  peat  from  the  bog  is  first  treated  by  any  of 
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the  usual  methods  for  reducing  to  a  pulp  and  it  is  forced  through  the  carbonizing 
plant  by  pumps  specially  designed  to  take  care  of  the  high  pressures  employed. 
The  carbonizing  plant  consists  of  a  plurality  of  tubes  /,  Fig.  71,  which  extend 
across  the  combustion  chamber  of  a  furnace  A,  and  are  connected  at  their  ends 
with  blocks  B,  shown  more  fully  in  Fig.  72  and  73.  On  each  side  of  the  furnace, 
about  three  of  the  said  blocks  are  provided,  and  are  connected  together  by  bolts 
b'.  Fig.  71.  The  first  of  these  blocks  constitute  the  side  walls  of  the  combustion 
chamber  of  the  furnace  and  beyond  the  last  block  a  chamber  C  is  provided  for 
the  supply  oi  .terial  to  the  tier  of  conduits  whilst  a  chamber  C  is  adi;pted  to 
receive  the  material  from  the  lower  tier  after  it  has  been  treated. 


Figure  73 

In  each  conduit  there  is  a  shaft  5,  on  which  is  formed  a  worm  conveyor  W, 
driven  from  a  source  of  power  at  P.  The  worm  wheels  of  the  conveyor  gear 
with  the  upper  and  lower  tiers  of  conveyors  on  opposite  sides,  respectively,  as 
seen  in  Figs.  71  and  74,  and  consequently  those  located  in  the  upper  chamber  are 
caused  to  rotate  in  one  direction  and  carry  the  peat  along  the  conduits  towards 
the  right  of  Fig.  71,  whilst  the  lower  conveyors  cause  it  to  return  to  chamber  C 
from  which  it  is  removed  by  worm  W. 

The  blocks  h  are  made  of  cast  iron,  and  the  bores  h".  Fig.  72,  are  disposed  in 
them  so  that  they  form  alined  prolongations  of  the  respective  heating  tubes  I. 
In  this  arrangement  of  construction  the  middle,  portion  of  conduits  only  receive 
the  heat  direct  from  the  furnace,  whilst  the  end  portions  of  the  conduits  are  pro- 
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tected  from  the  heat;  consequently  the  middle  portions  are  made  of  larger  di- 
mensions. The  object  is  that  as  the  vapor  is  generated  from  the  peat  as  it  passes 
over  the  furnace,  it  is  retained  in  the  tubes  by  the  resistance  offered  by  the  wet 
material  in  the  end  portions.  It  is  evident,  then,  that  as  practically  no  escape 
of  steam  vapor  is  allowed,  the  material  is  disintegrated  and  the  slimy  matter 
destroyed  or  changed  without  actual  loss  of  moisture,  which  it  is  desirous  to 
retain  at  this  stage  of  the  process. 


i    I 


k 


Figure  74 

The  primary  objects  of  the  treatment  described  is  to  effect  disintegration 
without  loss  of  moisture  or  other  vapors,  as  it  is  claimed  that  the  presence  of  such 
assists  carbonization,  in  that  it  acts  as  a  conductor  for  transmitting  heat  to  all 
parts  of  the  peat. 

A  development  of  the  previous  arrangement  is  that  in  which  disintegration 
and  carbonization  is  caused  to  take^  place  at  one  step.  In  this  arrangement, 
Fig.  75,  the  peat  in  its  raw  state  is  heated  to  a  temperature  of  300°F.  to  SOO'F. 
for  a  period  which  may  vary  from  10  to  40  minutes,  according  to  the  nature  of  the 
peat;  the  older  varieties  invariably  requiring  longer  periods  at  greater  heats 
than  the  young  peat. 

According  to  this  modification,  a  plurality  of  tubes  /  are  placed  within  a 
firebrick  setting  S,  having  a  furnace  located  at  one  end  F.  The  tubes  are  closed 
at  the  furnace  end  and  are  open  at  the  opposite  end  into  a  feeding  chamber  C. 
Adjacent  to  the  feed  chamber,  there  is  locate''  a  chamber  C,  into  which  a  series 
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of  inner  tubes  t'  extend  from  the  tubes  I.  The  wet  peat  is  charged  into  a  hopper, 
from  which  it  is  forced  into  the  heating  apparatus  by  means  of  a  high  pressure 
pump,  and  finally  brought  to  chamber  C  at  one  end  of  the  heating  apparatus, 
and  caused  to  enter  the  space  between  the  outer  and  irmer  tubes  /  and  /'.  At  the 
closed  end  of  the  outer  tubes  the  material  is  caused  to  turn  and  move  through  the 
inner  tubes  in  the  opposite  direction  to  its  movement  between  the  tubes.  The 
material  moving  over  the  fiunace  is  heated  to  a  degree  at  which  charring  or  car- 
bonizarion  takes  place,  and  a  portion  of  the  heat  imparted  is  transmitted  to  the 
material  moving  towards  the  furnace  in  the  right  half  of  the  plant,  which  has 
the  effect  of  causing  the  vesicles  in  the  peat  to  liberate  their  water  previous  to  its 
exposure  to  the  heat  of  the  furnace.  The  carbonized  material  is  dehvered  to 
chamber  C,  from  which  it  is  led  for  further  treatment. 


Figure  75 

When  the  wet  peat  leaves  the  carbonizing  plant,  it  is  found  that  the  percent- 
age of  moisture  is  comparatively  large,  and  it  is  first  air-dried,  which  has  the  effect 
of  reducing  the  amount  of  moisture  to  12  or  15  per  cent.  It  is  found,  however, 
that  this  percentage  is  too  high  for  successful  briquetting,  as  the  liability  of  steam 
generated  from  such  has  a  deleterious  effect  upon  the  briquets,  and  causes  them 
to  crack.  In  order  to  obviate  this  disadvantage,  the  peat  is  passed  through  an 
open  drier  and  heated  to  about  150°F.  to  reduce  the  moisture  to  about  3  per  cent, 
after  which  it  is  transferred  to  a  closed  drier,  and  finally  subjected  in  its  highly 
heated  condition  into  a  high  pressure  open  die  briquetting  press  for  shaping  into 
the  desired  form. 

LENNOX  AUTOMATIC  DRIER:  The  methods  of  peat  treatment  adopted 
by  Lennox  is  covered  by  a  wide  range  of  patents,  and  whilst  they  are  much  the 
same  as  other  systems,  a  particular  feature  of  these  is  the  efficiency  of  the  drying 
plant.  The  Lennox  dryer  may  be  operated  within  a  wide  range  of  conditions, 
and  is  continuous  and  automatic  in  operation.  The  drying  machine  has  a 
rotary  action,  and  is  adapted  to  spread  the  wet  material  over  the  shelves  to  a 
desired  thickness,  and  on  completing  a  turn  on  an  upper  shelf,  automatically 
precipitates  the  peat  through  a  hole  on  to  a  shelf  below.  This  action  mixes  and 
turns  the  peat  in  its  progress  through  the  apparatus.  The  drying  fluid  is  either 
hot  air  or  waste  gases  from  the  manufacturing  plant,  and  the  temperature  can 
be  automatically  controlled  to  suit  Jie  class  of  material  and  rapidity  of  operation. 
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LIGNITE:  Another  substance  used  for  briquetting  purposes  is  lignite,  or 
brown  coal,  in  view  of  the  fact  that  the  coal  in  its  natural  state  is  extremely 
brittle,  and  consequently  is  of  little  commercial  value  except  to  be  used  in  the 
vicinity  of  production.  The  lignite  usually  contains  from  30  to  50  per  cent,  of 
moisture,  and  the  first  step  in  its  transformation  into  an  artificial  fuel  is  that  of 
driving  off  the  moisture  in  a  suitable  carbonizing  chamber.  The  residue  which 
constitutes  the  base  of  the  artificial  fuel  or  briquet  is  then  finely  pulverized  and 
mixed  with  crushed  coking  coal  in  a  proportion  of  15  ot  1,  respectively.  The 
purpose  of  mixing  a  small  percentage  of  ground  coking  coal  with  the  carbonized 
lignite  residue  is  to  insure  the  coking  of  the  mixture  during  its  heating,  and  there- 
by produce  a  briquet  that  will  not  disintegrate.  The  mixture  of  coal  and  lignite 
is  then  combined  with  a  small  percentage  of  pitch  of  pre-determined  consistency. 
The  amount  of  pitch  used  is  from  1  to  5  per  cent.,  and  it  is  introduced  along  with 
the  mixture  into  an  agitator  which  is  heated  to  the  melting  point  of  the  pitch, 
by  gases  which  were  driven  off  from  the  lignite  in  its  carbonization.  At  this 
stage  about  one  or  two  per  cent,  of  flour  or  finely  ground  grain  is  introduced  into 
the  mixture,  and,  after  continued  agitation  the  mixture  is  conveyed  while  still 
hot,  to  some  form  of  briquetting  machine  which  molds  the  fuel  into  the  desired 
shape  and  size.  When  the  briquets  are  discharged  from  the  machine  and  cooled 
they  form  a  fuel  which  may  be  transported  with  comparatively  small  breakage. 

FINE  COAL:  Another  substance  that  has  been  successfully  used  in  the 
manufacture  of  briquetts  is  fine  black  coal,  which  is  of  little  comsierc'al  value  in 
its  natural  state.  The  proceeding  in  this  case  is  to  first  pulverize  the  coal  and 
then  mix  it  with  an  adhesive  material  which  is  wholly  or  partially  soluble  in 
water  in  proportions  of  2  to  5  per  cent,  of  its  bulk.  The  adhesive  or  binding 
material  may  be  flour,  ground  grain,  starch  or  molasses,  or  other  similar  sub- 
staces  v.-bich,  when  diluted  with  water  to  a  cerlain  degree,  enable  particles  of 
coal  to  be  moistened  when  the  binder  and  fuel  are  mixed  together. 

According  to  this  process  the  mixture  is  passed  through  a  suitable  briquet- 
ting machine,  and  the  so  far  manufactured  fuel  is  then  passed  through  a  chamber 
heated  to  212''F.  to  expel  the  moisture.  The  fuel  is  then  mechanically  dipped 
into  a  receptacle  containing  fluid  tar,  after  which  it  is  exposed  to  a  temperat'.:re 
of  from  400°  to  500°F.  to  volatilize  the  tar,  and  leave  an  impervious  coating 
on  the  molded  fuel  sufficient  to  prevent  its  disintegration  and  protect  it  from 
moisture. 

Immediately  after  the  final  heating  has  been  completed  the  coating  is  chilled 
by  mechanically  conveying  the  fuel  through  a  current  of  cold  air,  which  solidifies 
the  coating  and  makes  it  capable  of  hrAni  t  lied  and  stored  without  breakage 
or  adhesion  to  each  other. 

COKE  DUST :  The  use  of  coke  dust  as  a  base  in  fuel  briquet  manufacture 
has  been  adopted  in  suitable  localities,  and  in  one  par*  the  binder  employed  is 
an  extract  of  cactus  in  Uquid  form.  This  extract  is  obtained  by  draining  or  tap- 
ping live  cactus  plants,  or  by  reducing  the  plants  lo  a  pulp  and  treating  the  pulp 
with  boiling  water  or  steam.  The  solution  produced  is  thoroughly  mixed  with 
coke  dust  and  subjected  to  the  pressure  of  a  suitable  molding  machine  according 
to  the  size  and  .shape  of  the  briquet  desired.    The  medullary  matter  of  the  cactus 
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is  combustible  and  adhesive  in  its  natural  state,  but  when  subjected  to  moisture 
and  pressure  its  adhesion  is  increased ;  and  under  the  conditions  referred  to  it 
uniformly  permeates  the  entire  mass  of  coke  dust  with  whieh  it  is  mixed,  and  im- 
parts thereto  a  glutinous  coating  of  combustible  matter. 


rifure  76 

The  process  of  manufacture  in  this  case  is  much  the  same  as  in  other  processes 
with  regards  to  mechanically  mixing  and  drying,  and  the  use  of  cactus  plants  as 
a  binder  is  more  economical  in  the  vicinity  of  its  production,  and  thereby  enables 
the  final  product  to  be  manufactured  at  a  lower  rate  than  when  flour  or  other 
marketable  binders  are  used. 


Figure  77 

PITCH  DUST :  The  use  of  pitch  as  a  binder  has  been  widely  employed, 
and  in  its  common  application  it  may  be  said  to  possess  a  certain  advantage, 
in  that  when  it  becomes  warm,  it  adheres  to  members  or  other  mechanical  parts 
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associated  with  briquet  manufacture.  This  results  in  the  necessity  of  frequent 
cleaning  of  the  mechanism,  and  the  occasional  production  of  briquets  that  have 
not  a  homogeneous  structure. 

In  one  process  which  proposes  to  obviate  this  disdavantage,  the  pitch  is 
transformed  into  a  fine  powder  by  melting  it  and  spraying  it  through  suitable 
atomizers,  and  then  immediately  lowering  the  temperature  so  that  it  solidifies 
into  fine  dust.  The  pitch  dust  is  directed  on  to  the  fuel  to  be  briquetted  in  a 
mixing  drum,  by  which  it  is  possible  to  obtain  a  mixture  which  is  extremely 
homegenous. 

Under  these  conditions,  where  the  pitch  is  blown  directly  into  the  mixing 
drum  closed  to  the  atmosphere,  it  eliminates  the  escape  of  dust,  and  the  con- 
sequent injury  to  the  health  of  workmen  associated  with  the  operation  of  the 
plant,  and  also  instires  a  more  thorough  uniting  of  the  binder  and  fuel,  and  con- 
sequently a  better  class  of  briquet. 


W//y.y.y/,^/v.>v//^-^/V/V//-/A     j-r///.^  ■  /^^ 
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Figure  78 

BRIQUET  MOLDING  APPARATUS:  The  plant  used  for  the  manufac- 
ture of  briquets  usually  consists  of  a  mixing  device,  a  molding  machine  and  a 
drying  chamber,  through  which  the  material  passes  respectively.  The  combina- 
tion of  apparatus  may  differ  somewhat  in  design,  but  the  principle  is  much  the 
same  in  all,  and  a  simple  arrangement  which  serves  to  illustrate  the  operation  is 
shown  in  Figs.  76  and  78. 

Referring  to  Fig.  76,  the  finely  ground  fuel  and  binder  is  introduced  into  the 
apparatus  through  ¥  and  6,  respectively,  and  conveyed  through  the  top  section 
5  into  middle  section  S'  by  the  rotation  of  a  shaft  which  carries  a  series  of  arms 
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or  stirrers.  The  mixture  on  passing  through  section  S'  is  caused  to  commingle 
with  steam  from  pipe  5"  which  carricj  in  suspension  with  it  an  oleageneous 
substance,  such  as  water  gas  tar.  The  steam  and  tar  are  mixed  together  in  valve 
V,  into  which  the  tar  is  conducted  by  pipe  p,  and  passed  through  a  wire  gauze 
terminal  so  that  the  tar  is  broken  up  into  small  globules,  whilst  the  steam  enters 
at  S*  and  ca>  ries  the  globules  of  tar  along  with  it. 

On  passing  through  section  S'  the  mixture  descends  into  the  lower  section 
S*.  and  finally  is  conducted  to  the  outlet  0  where  it  descends  into  a  molding  mach- 
ine or  press  similar  to  the  one  shown  in  Fig.  77,  by  which  it  is  shaped  into  the 
desired  form  and  size. 

When  the  briquets  pass  through  the  press  they  are  delivered  on  to  a  conveyor 
which  carries  them  to  drying  chamber.  Fig.  78,  through  which  they  are  conducted 
on  a  conveyor  in  an  atmosphere  of  hot  air  and  delivered  therefrom  at  d. 

COAL  BRIQUETS:  In  the  manufacture  of  briquets  from  coal,  the  apparatus 
used  may  be  of  varied  construction,  but  the  principle  is  similar  and  may  be  illus- 
trated by  the  system  hereafter  described.  The  proceeding  in  this  case  may  be 
briefly  stated  as  folio  >-s: 

(1)  The  coal  is  crushed  in  water  to  a  pulp. 

(2)  The  pulp  is  fed  directly  to  a  mold  and  compressed  therein. 

(3)  The  partially  formed  briquets  are  passed  through  a  tunnel,  wherein  the 
temperature  is  gradually  increased  from  below  the  boiling  point  of 
water  at  the  entrance  to  just  below  the  decomposing  point  of  coal  at  the 
exit. 

(4)  The  dried  briquets  are  subjected  to  a  relatively  high  compression  to 
complete  the  consolidation  of  the  fuel. 

In  the  first  step  of  this  process,  the  small  coal  is  ground  in  hot  water  by  pas- 
sing through  a  mill  in  the  proportion  of  about  2  to  1,  respectively.  The  aqueous 
pulp  is  then  introduced  into  a  mold  without  being  left  to  settle,  where  it  is  com- 
pressed to  eliminate  the  proportion  of  water,  and  consolidate  the  substance  into 
bnquet  form.  The  compression  is  generally  from  7,000  to  10,000  pounds  per 
square  inch,  and  is  applied  to  the  pulp  by  plungers  as  hereafter  described. 

Referring  to  Fig.  79,  the  mold  consists  of  an  outer  casing  C,  which  is  lined  on 
the  interior  with  a  series  of  vertical  bars  b,  which  are  secured  by  bolts  passing 
through  flanges  /  and  the  flanges  /'  of  the  casing.  The  flanges  /'  have  grooves 
sunk  in  them  to  receive  the  flanges  /,  so  that  the  end  surface  of  the  mold  is  un- 
broken, and  the  adjacent  side  faces/"  and/"  of  the  bars  converge  and  meet  the 
edg  s  located  at  the  interior  of  the  mold.  This  forms  a  practically  continuous 
surface  on  the  interior  of  the  mold,  and  at  the  bark  of  each  of  these  surfaces  there 
is  a  series  of  vertical  throughways  of  V-section,  which  are  a.!apted  to  lead  away 
the  water  forced  out  of  the  pulp  and  between  the  bars. 

Within  the  mold  there  arc  two  oppositely  acting  plungers  p  and  p',  which  are 
fluted  on  their  vertical  plates  at  t'  and  »',  respectively,  and  on  their  end  faces  at 
e'  and  e".  The  plungers  are  also  provided  on  their  end  faces  with  a  series  of 
bars  b'  and  b",  respectively,  which  runs  transversely  on  the  flutes  e'  and  e"  in 
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the  end  faces  of  the  flutes;  these  bars  being  secured  to  the  plungers  by  screws 
5  and  S'  The  adjacent  side  faces  of  the  bars  b'  and  6"  converge  in  a  sinular 
manner  to  the  faces  /"  and  P  of  the  bar  b.  and  meet  at  the  edges  of  e'  and  e\ 
which  iu-e  situated  at  the  interior  of  the  mold.  By  this  means  the  water  pressed 
out  of  the  pulp  may  readily  drain  of!  from  the  faces  of  the  plungers  through  the 
flutes  and  throughways  provided. 


Figure  "il 

When  the  fuel  has  received  a  definite  degree  of  compression,  the  briquets 
urc  placed  on  conveyors,  and  are  carried  by  them  through  a  differentiaHy  heated 
tunnel,  wherein  the  temperature  increases  gradually  from  about  160°F.  at  the 
entrance,  and  thereby  evaporates  the  moisture  gradually  in  accordance  with  the 
increase  in  temperature  without  libiiorruMl  expansion  and  eventual  crackmg  of 
the  briquettes.  The  tcmptraturc  at  the  exit  of  the  tunnel  must  be  below  the 
decomposing  point  of  the  coal  used,  which  may  be  taken  us  approximately  575°F. 
for  bituminous  coals  to  WWF.  for  anthracite.  It  may  be  pointed  out  howevei. 
that  the  heating  of  the  briqm  t«  after  the  moisture  has  been  evaporatt^d  is  only 
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to  be  carried  so  far  to  cause  an  incipient  softening  of  the  fuel,  and  the  decomposing 
point  must  not  be  reached.  Under  average  conditions,  where  semi-bituminous 
coals  are  used,  the  final  te""peraiure  is  about  500°F. 

On  leaving  the  t  •- n-i  ict  dri^d  a.-d  incipiently  softened  coal,  is  placed  in  a 
second  mold  and  sut  ;tteH  to  a  hot  anci  elatively  high  compression  to  complete 
the  consolidation.  '  ':ts(  tioMs  aij  u-aally  heated  by  steam,  and  are  similar  in 
construction  to  those  .1  i  ir.itcd  but  a  e  not  provided  with  the  moisture  draining 
system.  They  are  also  .rttciioi.ci;  y  larger  than  those  used  for  the  first  compres- 
sion, owing  to  the  expansion  of  the  briquets  during  the  heating.  The  pressure 
is  applied  simultaneously  on  both  sides  of  the  mold,  and  may  be  from  6  to  15 
tons  per  square  inch,  according  to  the  class  of  coal.  It  should  be  noted  that  in 
this  process  the  briquets  are  made  without  the  addition  of  binding  agents,  and 
the  final  product  is  purely  a  structure  of  coal. 
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COMBUSTION  AND  FLAME:  The  combustion  of  solid  or  liquid  fuels 
results  in  all  cases  in  their  conversion  to  gas  before  the  heat  units  are  evolved 
In  order  to  thoroughly  understand  the  combustion  of  gases,  it  is  necessary  that 
we  study  its  relation  to  flame  under  different  conditions. 

The  luminosity  of  a  flame  obtained  from  gases  distributed  for  commercial 
purposes  is  due  tc  'he  presence  of  carbon  particles  which  are  heated  to  incan- 
descence by  the  iiigh  temperature  of  the  flame.  The  nature  of  those  gases  is 
practically  a  mixture  of  hydrocarbons;  and  when  ignited  in  contact  with  an 
adequate  supply  of  air,  the  hydrogen  of  the  gaseous  compounds  is  caused  to  ignite 
the  first  by  reason  of  its  lower  density  and  consequent  greater  affinity  for  the  oxy- 
gen of  the  air  than  the  carbon.  This  results  in  the  liberation  of  free  carbon  in 
the  interior  of  the  flame,  and  under  the  intense  heat  the  carbon  becomes  incan- 
descent and  thereby  produces  light.  The  burning  particles  of  carbon  are  even- 
tually distributed  throughout  the  flame  and  consumed  as  carbon  dioxide. 

The  character  of  a  flame  obtained  from  a  given  volume  of  gas  is  greatly  in- 
fluenced according  to  the  following  conditions: 

(1)  When  gas  is  burned  in  an  insufficient  supply  of  air,  the  flame  produced 
bears  a  yellowish  tint. 

(2)  When  burned  in  an  adequate  supply  of  air,  the  flame  becomes  white. 

(3)  When  combustion  takes  place  in  an  excess  of  air,  the  flame  becomes 
shorter. 

(4)  When  the  air  is  greatly  in  excf    ;  of  that  required  for  complete  combus- 
tion, the  flame  assumes  a  bluish  tint. 

In  the  first  instance  the  carbon  particles  are  not  heated  to  a  sufficiently  high 
temperature,  which  produces  incomplete  combustion  of  the  carbon,  and  causes 
a  large  proportion  to  be  passed  off  in  the  form  of  smoke.  In  the  second  instance 
where  complete  combustion  is  effected,  the  carbon  is  raised  to  its  highest  state 
of  incandescence,  and  the  white  flame  produced  gives  the  greatest  proportion  of 
light.  In  the  third  instance,  where  the  supply  of  ■  ir  is  in  excess,  the  flame  is 
diluted,  and  therefore  becomes  shorter  but  cleaner.  In  the  last  instance,  where 
the  air  is  greatly  in  excess,  the  luminosity  is  almost  destroyed,  and  the  flame  is 
caused  to  assume  a  bluish  tint.  This  flame  does  not  evolve  more  heat  than  when 
the  supply  of  air  is  just  sufficiently  in  proportion,  but  it  is  of  value  in  that  it 
enables  burning  gases  to  be  applied  to  solid  bodies  without  the  depositing  of  soot 
which  is  characteristic  to  the  luminous  flame.  The  non-luminous  flame  caused 
by  the  excess  of  air  is  known  as  the  Bunsen  flame  after  the  inventor.  The  de- 
positing of  so6t  is  due  to  .ncomplete  combustion  of  some  particles  of  carbon, 
and  by  such  the  conducting  power  of  the  body  on  which  the  deposit  is  made  is 
reduced  in  efficiency;  and  to  prevent  such  deposits  on  vessels  which  are  being 
heated  they  must  be  placed  at  a  distance  from  the  luminous  flame,  so  that  it  is 
diluted  by  air  ciurents.  In  the  bunsen  flame  an  air  inlet  is  constructed  in  the 
gas  tube  some  4  or  5  inches  from  the  top,  and  at  the  same  point  the  gas  inlet  it 
restricted  to  cause  it  to  incrcsM-  its  velocity  a-d  thus  draw  in  the  masimuin 
amount  of  air.  The  air  and  gas  on  passing  up  the  tube  are  well  mixed,  which 
insures  complete  combustion  at  the  burner.      The  blue  flame  emitted  can,  there- 
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fore,  be  applied  direct  to  a  solid  body  without  the  depositing  of  soot,  consistent 
with  the  greatest  evolution  of  heat.  This  condition  is  desirable  for  efficient 
application  of  gas  for  direct  heating  purposes. 

HEATING  CONDITIONS:  The  transmission  of  heat  from  one  body  to 
another  or  from  one  point  to  another,  within  the  same  body  takes  place  in  one  of 
three  ways:— By  Conduction;  By  Convection;  By  Radiation. 

When  the  progress  of  heat  from  a  higher  temperature  to  one  of  lower  tem- 
perature occurs  without  any  motion  of  the  particles  in  the  body,  the  progress  of 
heat  is  by  conduction.  For  instance,  if  a  bar  of  metal  is  heated  at  one  end  the 
other  end  will  soon  become  hot  by  conduction  from  the  heated  end. 

When  heat  travels  through  a  body  by  the  motion  of  the  heated  particles 
the  transfemng  of  the  heat  is  by  convection.  For  instance,  when  a  vessel  of 
liquid  IS  heated  the  particles  in  contact  with  the  bottom  are  heated,  and  as  they 
rise  to  the  top,  heat  is  imparted  to  the  colder  portion  of  liquid. 

When  heat  is  transferred  from  one  body  to  another  across  an  intervening 
si»ce  without  affecting  the  temperature  of  the  space,  the  transferring  is  by 
radtatum.  For  instance,  a  body  placed  in  front  of  a  fire  will  be  heated  whilst 
the  au-  through  which  the  heat  passes  will  not  be  affected  except  those  parts  in 
contact  with  the  heated  body.  The  greatest  example  of  radiation  is  the  heating 
of  the  earth  by  the  sun,  in  which  the  intervening  space  is  approximately  92  000  000 
miles. 

The  practical  application  of  these  principles  are  employed  in  heating  appli- 
ances for  the  mp-  -  .im  evolution  of  heat  or  concentration  on  to  a  given  point 
as  desu«d.  f      •■ 

Inthecook.  Jod.  or  in  the  generation  of  steam,  the  heat  is  received 

direct  on  the  cooling  utensil  or  boiler  and  transmitted  through  it  bye  onduclion 
to  the  hquid  in  the  interior,  where  it  is  transmitted  to  the  food  by  the  circulation 
oi  the  heated  fluid,  or  by  convection. 

In  the  warming  of  rooms  or  public  buildings  the  heat  may  be  transferred  as 
follows : 

(1)  By  means  of  fires — radiation. 

(2)  By  circulating  hot  air— convection. 

•      .1^^  ^''^'^  '"8  hot  water  or  steam  along  pipes-convection;  and  cans- 

ing  the  heated  pipes  to  transfer  heat  into  the  room— radiation. 

K  .2?""  ""T  "'  ''°'"'*'*'  '""^'^  °'  •'*'''*  distribution  is  by  the  circulation  of 
heated  air,  but  tl.  .-nethod  has  disadvantages  in  that  the  air  is  deteriorated  for 
breathing  purposes,  and  is.  therefore,  not  healthy.  The  desirable  conditions 
for  heating  of  individuals  is  to  allow  the  »>ody  to  be  comfortably  warm,  and  simul- 
taneously allow  respiration  to  occur  under  healthy  conditions-by  cold  air  It 
is  evident,  then,  that  the  most  desirable  is  by  radiation,  whilst  the  most  econom- 
ical i»  hy  ronT-fctiim.  aad  to  obtain  efficiency  with  ec-onomy  the  two  conditions  are 
frequently  combined  as  in  the  third  instance,  where  the  heat  is  transferred  along 
pipes  by  convection  and  into  the  room  therefrom  by  radiation. 
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The  method  of  heating  to  be  employed  is  a  subject  of  varying  conditions, 
and  whilst  one  method  is  specially  suitable  for  one  purpose,  it  may  not  be  suitable 
for  another.  In  small  rooms  or  offices,  where  the  occupant  remains  in  one  posi- 
tion for  a  considerable  time,  a  source  of  radiant  heat  is  the  most  desirable.  In 
large  apartment  houses,  hotels,  or  workrooms,  the  systems  are  conveniently 
combined  by  warming  the  whole  building  to  a  moderate  temperature  by  the 
circulating  of  hot  air  or  steam  through  pipes.  In  public  buildings  which  are  not 
occupied  by  any  one  individual  for  a  considerable  length  of  time,  the  use  of  hot- 
air  hcoves  is  satisfactory  and  economical.  In  theatres  or  churches,  in  which  heat 
is  required  for  a  given  time  only,  the  best  method  is  by  the  circulation  of  hot  air 
for  some  time  previous  to  its  occupation  by  the  masses  of  people,  after  which 
the  heat  may  be  reduced  or  frequently  cut  off  entirely. 

REFLECTION  AND  DIFFUSION:  In  certain  professions  or  arts  it  is 
frequently  desirable  to  reflect  or  radiate  heat  on  to  a  given  object  for  drying 
purposes,  where  a  direct  application  of  heat  is  impossible.  The  diffusion  of  heat 
in  this  manner  is  influenced  by  the  employment  of  artificial  means,  such  as  shales 
or  reflectors  around  gas  flames.  The  use  of  these  obstruct  the  heat  in  varying 
proportions  according  to  the  material  of  which  they  are  composed,  and  enable 
it  to  be  diverted  from  one  path  and  concentr.  •-d  on  another.  The  angle  of 
distribution  has  considerable  influence  in  obta  i  the  maximum  amount  of 
heat  fror  a  givon  value,  and  should  not  be  less  inan  00  degrees.  The  material 
of  which  the  reflectors  are  composed  affect  the  concentration  on  to  a  given  point 
considerably,  and  those  made  of  copper,  enamel,  porcelain,  or  opal  are  the  most 
efficient.  These  principles  are  employed  for  heating  small  rooms,  and  embodied 
in  the  so-called  Reflector  HeaUrs  used  for  this  purpose. 

In  previous  remarks  it  has  been  shown  that  the  complete  combustion  of 
gases  evolve  an  equal  number  of  heat  units  regardless  as  to  whether  the  flame 
was  luminous  or  non-luminous,  but  the  non-luminous  flame  is  most  suitable  for 
the  direct  application  of  heat,  owing  to  it  being  cleaner,  ^n  the  reflector  heater 
for  small  rooms,  the  luminous  flame  has  the  advantages  in  that  it  radiates  more 
heat,  owing  to  the  fact  that  it  contains  solid  particles  of  carbon  heated  to  in- 
candescence; consequently  this  flame  is  desirable  for  use  in  the  reflector  or 
radiating  stove. 

A  modification  of  the  reflector  heater,  in  which  the  non-luminous  flame  is 
employed,  is  that  class  known  as  the  incandescent,  in  which  the  flame  is  directed 
on  to  a  number  of  skeletons  made  from  n  material  which  is  raised  to  incandescnece 
from  which  the  heat  is  finally  radiated  into  the  room.  The  material  used  for 
skeletons  is  generally  fireclay,  and  they  are  made  in  various  designs.  The 
principle,  however,  is  practically  the  same,  in  that  gas  jets  burning  in  an  excess 
of  air  are  caused  to  impinge  on  the  material  and  raise  it  to  incandescence.  The 
incandescent  fireclay  is  caused  to  radiate  the  heat  outward  by  a  suitable  wall 
behind  it,  and  the  whole  setting  is  usuJly  located  in  a  frame  of  artistic  design. 

RADIATORS:  The  radiation  of  heat  through  a  piping  system,  as  used  for 
stores,  large  apartment  houses  or  workrooms,  is  accompUshed  by  passing  a  hot 
fluid  through  the  system  in  the  form  of  eas  or  liquid.  The  heating  may  be  by 
rtdiation  in  three  ways:— By  the  gas  radiator;  By  the  steam  radiator;  By  the 
gas-steam  radiator. 
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The  former  of  th -se  consists  of  a  number  of  cast  iron  tubes  arranged  in  an 
artistic  design,  and  into  which  a  burner  of  the  luminous  type  is  fitted  at  the  bot- 
tom. The  tubes  are  open  at  the  bottom  and  are  provided  with  holes  at  the  top 
to  aUow  the  burnt  gases  to  escape  The  object  of  this  arrangement  is  to  obtain 
a  large  surface  of  temperature  at  the  minimum  cost  of  fuel,  and  is,  therefore, 
more  suitable  for  use  in  public  places  or  large  rooms  than  the  -eflector  or  incan- 
descent heater  where  the  greatest  proportion  of  heat  is  e-  olved  in  the  vicinity  of 
the  stove. 

The  steam  radiator,  as  controlled  from  a  centralized  coal  or  cokr  furnace 
consists  essentially  of  a  series  of  piping  connecting  to  a  steam  boiler.  The  steam 
IS  circulated  through  the  piping,  and  radiating  its  heat  therefrom,  is  condensed 
to  water,  which  returns  to  the  boiler  to  be  re-vaponzed.  Th-s  system  is  suitab'e 
for  very  large  buildings  where  it  is  practical  to  employ  labor  to  take  charge  of  the 
furnace  and  boiler. 

The  gas-steam  radiator  i.^  similar  in  construction  to  the  gDs  radiator,  but  is 
unlike  the  former  in  that  it  is  not  open  to  the  atmosphere.  In  this  system  water 
IS  placed  in  the  radiator  and  heat  applied  thereto  by  an  atmospheric  burner  This 
results  in  the  generation  of  steam  which  circulates  through  the  tubing  and  radiates 
heat  therefrom,  and  is  subsequently  condensed  back  to  water;  which  is  re-con- 
verted to  steam  at  the  burners. 

When  the  temperature  of  the  room  rises  the  condensation  in  the  radiators 
IS  not  so  great,  which  causes  an  excess  of  steam  to  be  generated.  This  is  lused 
to  exert  a  back  pressure  on  a  diaphragm  connected  with  the  gas  valve  to  -  duce 
the  supply  of  gas  accordingly.  This  system  has  all  the  advantages  of  steam 
heating  systems  which  are  controlled  from  a  centralized  plant,  and  have  a  further 
advantage  in  that  thetemperatureof  theroomautomaticallv  controls  the  gas  con- 
sumption and  prevents  an  excessive  pressure  of  steam  in  the  piping  system 
The  last  named  advantage  is  very  important,  as  it  prevents  unequal  expansion 
of  the  piping  and  is  consequently  safer.  It  also  prevents  the  oxidation  of  hot 
pipe  and  disagreeable  odors  associated  with  it.  The  gas  radiator  is  very  suitable 
for  hotels,  apartment  houses  and  workrooms. 

WATER  HEATING:  The  gas-water-hcater  is  an  applicancc  by  which  a 
supply  of  hot  water  can  be  conveniently  obtained  at  a  minimum  cost,  fhese 
heaters  may  be  divided  into  two  general  classes;  the  aulomatic  and  the  storage- 
each  of  which  will  be  discussed  in  order.  In  the  automatic  heater  the  supply  of 
hot  water  can  be  obtained  practically  instantaneous,  and  the  principles  are  that 
of  providing  a  large  heating  surface  over  which  the  water  has  to  pass  in  the  vicin- 
ity of  a  powerful  battery  of  burners.  The  heating  surface  may  be  of  varied  form, 
such  as  a  coil  of  copper  tubing,  or  a  scries  of  horizontal  tubes  projecting  across  the 
heater  so  that  the  water  passes  to  and  fro  in  its  downward  path. 

By  the  use  of  these  applicances  the  temix-rature  of  the  outlet  water  can  be 
controlled  to  any  desired  degree  by  adjusting  the  rate  of  flow;  it  being  obvious 
that  an  increase  in  the  supply  will  lower  the  t-.i.perature  for  a  given  volume  of 
gas,  ^hilst  a  decrease  wi  1  raise  the  temperature.  An  efficient  applicance  will 
absorb  from  90  to  95  j^r  cent,  oi  the  total  htal  of  combustion,  from  which  the 
amount  of  water  capable  of  being  heated  from  a  given  volume  of  gas  can  be 
calculated. 
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It  may  be  stated  that  the  heating  value  of  gas  is  rated  by  the  British  Thermal 
Unit  (commonly  abbreviated  B.Th.U.)  which  is  "The  amount  of  heat  required 
to  raise  one  pound  0}  water  one  degree  fahrenheit.'"  The  value  of  gases  vary  some- 
what in  different  cities  and  an  average  might  be  taken  as  580  B.Th.U.  per  cubic 
foot.  Assuming  that  it  is  required  to  raise  10  Imperial  Gallons  of  water  (100 
pounds)  from  50°F.  to  100°F.  the  amount  of  heat  units  absorbed  from  the  gas 
will  be: 

(100—60)  X  KK)  =  6,000  B.Th.U. 


Figure  80 

If  the  gas  has  a  value  of  580  B.Th.U.  per  cubic  foot,  and  the  efficiency  of  the 
applicance  is  in  accordance  with  the  average,  or  92.5  per  cent.,  the  gas  consumed 
will  be: 

5,000 

-9.32  cubic  feet. 

680  X. 925 

AUTOMATIC-WATER-HEATER:  In  the  best  classes  of  automatic- 
water-heater,  the  valve  mechanism  is  adapted  to  maintain  a  comparatively 
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even  temperature  regardless  of  the  volume  of  water  drawn  on  it.  One  of  the 
most  efficient  of  these  heaters  is  illustrated  in  Figs.  80  to  83,  inclusive,  in  which 
5,  Fig.  80,  is  the  outer  shell  or  casing,  in  which  a  plurality  of  copper  coils  are  lo- 
cated in  vertical  series.  The  casing  of  the  heater  is  double-walled  to  prevent 
loss  of  heat  by  radiation.  The  burners  are  located  beneath  the  coils  in  the  base 
of  the  heater  and  are  adapted  to  ignite  by  means  of  a  small  jet  or  pilot  Ught. 
The  supply  of  water  is  connected  to  the  heater  through  valve  casing  C,  which  is 
provided  with  an  inlet  «,  Fig.  81,  connecting  to  the  water  supply  W,  Fig.  80. 
The  Fig.  81  is  enlarged  to  show  the  detailed  construction  of  the  mechanism,  and 
is  taken  on  section  line  1 1,  Fig.  80. 


1 

'  I 

/ 

^' 


Figure  82 


The  casing  C  is  adapted  to  discharge  the  water  through  port  p.  Fig.  81, 
to  the  inlet  pipe  p'  of  the  upper  end  of  the  coil  C.  A  hot  water  inlet  W ,  Fig.  82, 
and  hot  water  diwhnffre  A  are  also  cY^inected  with  the  casing.  This  figure  is 
taken  on  line  2  2,  Fig.  81.  The  hot  vi 'tcr  discharge  is  controlled  by  valve  V 
and  is  connected  to  uelivery  pipe  p"  leadii:x  to  the  house  piping  system  to  be 
used  as  desired,  as  by  faucet  /. 
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The  hot  water  inlet  W  is  connected  to  the  discharge  pipe  p'  from  the  heater 
r  is  oilt'T  '^'^'^«^^-«''  -  --'^ting  port  /,/  ?he  wat"  laleJir; 
L^^,^  ?",  "  ^^'  ^'"*  "  '"^''^^^'^  *°  ^  automatically  opened  by  the  pres- 
ZlrL  %  '  water  when  pressure  is  released  in  the  header  by  drawing  of 
7T  ^''f  r-  °"  "•'  ^"'^'  ^'^•"  ■^'  =^  «rculating  valve  V"  is  iLely  moun- 
ted and  ,s  held  against  the  rest  R  by  means  of  a  coiled  spring  5".  The  sprTn.  is 
ajanged  about  the  stem  as  iUustrated.  and  the  upper  end  beL  against  th'evalJ 
to  ethfe  7""  T  •^"f  «^J"  ^•'^  -^'^'^  ^"-  The  rest  /?  is  made  adjustable 
nlet  valt  K'       "  '"        ^  ^"'''  '"  ""'  '^""'''"^  *°  ^^"^  °^--«  °f  »he 


i  iKure  Ma 

On  the  section  «  of  the  valve  stem,  a  return  spring  R'  is  arranged,  and  is 
adapted  to  res.st  the  opening  of  the  valve  V.  and  close  it  when  pr™  is  re 
leased  on  the  valve  seat.  The  spring  is  located  in  chamber  C"  and  is  in  the  Lm 
2r„t!l'"t  r-  ^^P-'-'^r^''^^^^'-  °f  ^^e  vaUe  casing,  the  upper  end  of  which" 
adapted  to  be  removed  for  adjustment  or  renewal  of  the  said  spring  w^thont 
disturbing  the  main  cap  of  the  valve.  ^  "* 

The  gas  valve  casing  C»  is  provided  with  a  gas  inlet  P  and  a  discharge  d' 
wluch  .s  connected  through  pipe  /,» to  the  burners  of  the  heater.     The  gas  valve 

lm  9'r'"''  "'•'"*  "'.  "''""-^  °^  "  '™"'''  '=P""^  ^''  ^"d  '=>  -nnccted  through 
stem  5'  to  operating  mechanism,  as  hereafter  described.     A  movable  n  .mber  m 

IhrStivrt/""'""^'^  "'°""*''^  °"  '•''  ''"'"  °^  "*"  water-actuating  ^a^  V' 
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The  lever  L  is  adapted  to  engage  the  member  m,  and  is  mounted  on  a  ful- 
crum /  n  the  gas  valve  casing  C  The  lever  L  is  engaged  by  a  lever  L'  which 
is  fulcrumed  at  /"  to  be  engaged  to  a  thermostat  member  m',  which  is  connected 
to  the  tubular  member  m"  located  in  tube  ('  connected  with  the  hot  water  outlet 
of  the  heater. 

The  movement  of  the  member  m  is  imparted  to  the  gas  valve  stem  S*  through 
links  L'  and  L',  of  which  the  former  is  pivoted  to  the  stem,  whilst  the  latter  is 
pivoted  to  a  post  p*  of  the  yoke  Y.  by  which  the  valve  casings  C  and  C*  are  con- 
nected. The  said  links  are  provided  with  a  support  for  member  m  and  are  par- 
tially connected  thereto  by  means  of  a  pivot  /".  The  stem  5»  extends  down- 
wardly through  a  slot  5'  in  the  yoke  Y  for  guidance,  and  is  normally  held  by 
means  of  a  coiled  spring  «',  the  upper  end  of  which  engages  a  shoulder  5',  whilst 
the  lower  end  rests  upon  the  yoke. 

The  pilot  light  L*.  which  ignites  the  burners  in  the  heater,  is  connected  by 
pipe  p^  to  a  pasage  p*  of  the  valve  casing  C,  as  shown  in  enlarged  view.  Fig.  83; 
the  view  being  taken  on  3  3,  Fig.  81.  The  normal  flame  of  the  pilot  is  con- 
trolled by  valve  V,  and  a  valve  V*  is  adapted  to  regulate  the  flow  of  gas  for  the 
flashing  flame  as  caused  by  the  movement  of  valve  V^.  The  valve  stem  S*  is 
provided  with  a  slip  connection,  so  that  the  opening  of  the  main  gas  valve  is 
momentarily  retarded  to  insiu-e  the  opening  of  the  pilot  valve  slightly  in  advance 
of  the  main  gas  supply  aj.^!  il'ereby  enables  the  flashing  flame  to  be  established 
before  a  full  !"ipply  of  ;is  ■  ;•  ^sented  at  the  burners. 

In  the  connections  herewith  illustrated,  it  is  evident  that  the  opening  of  the 
gas  valve  is  in  accordance  with  the  amount  of  water  drawn  from  the  heater,  and 
also  in  accordance  with  the  temperature  of  the  hot  water  by  the  expansion  of 
the  thermostat  in  relation  to  it.  This  enables  the  temperature  of  the  water 
to  remain  substantially  constant,  as  an  increase  causes  the  thermostat  to  expand 
and  reduce  the  supply  of  gas,  whilst  a  decrease  in  temperature  causes  it  to  con- 
tract and  increase  the  flow  of  gas;  and  also  an  increase  in  the  demand  for  water 
r.  lipases  the  pressure  within  the  heater  and  consequently  allows  the  gas  valve  to 
open  greater  in  accordance  with  it. 

STORAGE-WATER -HEATER  SYSTEM:  The  heating  of  water  by  the 
storage  system  is  employed  as  a  means  by  which  a  large  volume  of  water  can  be 
heated  with  a  comparatively  small  rate  of  gas  consumption.  The  water  heater 
is  not  designed  to  carry  the  large  bulk  of  water  it  is  intended  to  heat ;  and  the 
greater  bulk  is  stored  in  a  cylindrical  tank  which  is  connected  to  the  heater  by 
a  flow  and  return  pipe.  In  the  heating  of  water  according  to  this  system,  the 
hot  water  in  the  heater  is  forced  up  the  flow  pipe  into  the  tank  by  the  cooler 
water  from  the  return  pipe  v>hich  enters  at  the  bottom,  and  so  replaces  the  hot 
water  by  reason  of  its  higher  density.  The  cooler  water  is  gradually  raised  in 
temperature  and  is  eventually  forced  from  the  heater  and  replaced  by  more 
water  from  the  storage  tank.  It  is  evident,  then,  that  the  tank  stores  the  hot 
water  and  the  pipe  distributing  system  is  therefore  connected  with  it.  As  the 
hot  water  is  drawn  from  the  tank  it  is  automatically  replaced  with  cold  water 
by  a  float  valve.  The  cold  water  inlet  is  located  in  or  near  the  return  pipe  to  the 
heater  so  that  it  does  not  lower  the  temperature  of  the  hot  water  in  the  top  of  the 
tank. 
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The  storage  system  differs  somewhat  according  to  the  purpose  for  which  it  is 
used,  and  m  smaU  instaUaUons  the  tank  is  frequently  fixed  above  or  near  the 
heater,  and  >s  connected  thereto  by  short  flow  and  return  pipes.  In  large  in- 
stallations It  IS  frequently  necessary  to  run  a  second  flow  and  return  pipe  to  the 
top  of  the  building  from  the  storage  tank,  and  draw  water  through  these  pipes 
This  arrangement  has  the  advantage  of  supplying  water  more  quickly 
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This  method  of  water  heating  is  widely  used  for  various  purposes,  owing  to 
the  fact  that  the  combustion  of  gas  may  take  place  in  a  suitable  location  and  aUow 
the  heat  from  such  to  be  transferred  to  a  position  in  which  combustion  would  be 
undesirable;  for  instance,  in  the  heating  of  churches,  schools,  or  other  public 
rooms.  It  niay  be  said  that  th.  storage  or  circulating  heater  differs  from  the 
automatic  heater  in  that  it  has  a  smaller  heating  surface  and  smaller  gas  con- 
sumption in  comparison  with  its  size,  and  consequently  the  rise  in  temperature 
is  comparatively  slower.  Under  ordinary  conditions  the  temperature  can  be 
rai-sed  about  30°F.  at  each  circulation,  so  that  the  same  water  needs  to  circulate 
about  5  times  in  order  to  raise  a  volume  of  water  from  eO'F.,  to  the  boiling  point. 
The  circulation  of  hot  gases  within  the  heater  takes  place  in  various  ways  ac- 
cording to  different  .  signs,  a  common  one  of  which  is  shown  in  Fig.  84. 
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This  heater  consists  of  a  wrought  iron  cylinder  supported  on  a  cast  iron 
frame,  and  having  a  cast  iron  cover  fitted  thereto.  A  scries  of  vertical  tubes 
are  arranged  within  the  cylinder  and  carry  the  burning  gases  to  the  flues  as  in- 
dicated by  the  arrows.  The  tubes  are  encircled  by  the  water  to  be  heated,  which 
enters  at  the  bottom  through  the  return  pipe,  and  flows  from  the  top  as  it  becomes 
hotter  and  lighter.  The  efficiency  of  a  circulating  system  depends  greatly  on 
the  length  of  the  piping  system  and  the  consequent  loss  by  condensation.  When 
the  piping  system  is  of  considerable  length,  it  is  advisablle  to  cover  such  with 
non-conducting  material  where  the  radiation  if  heat  is  not  needed.  When  the 
water  is  used  in  public  lavatories  or  for  other  domestic  purposes,  it  occasionally 
becomes  necessary  to  clean  out  the  heater  of  deposits  which  occur  from  the  circu- 
lation, and  for  this  purpose  hand  holes  are  provided  with  removable  doors. 

HOT-AIR  GENERATOR:  In  many  industries,  such  as  laundry 
work,  printing,  or  other  paper  and  tape  processes,  it  is  necessary  to  use 
a  drying  room  in  which  a  hot-air  or  other  drying  system  isemploycd.  In 
the  hot-air  system  the  most  efficient  and  practical  way  is  by  the  circulation  of  a 
fluid  from  a  suitable  heater  or  generator  which  is  capable  of  raising  the  tempera- 
ture to  a  definite  degree.  Of  these,  the  gas-fired  heater  is  the  most  practical 
means  and  combines  efficieency  with  cleanliness,  the  latter  of  which  is  a  very 
important  factor  in  such  cases.  This  class  of  heater  is  made  in  various  sizes, 
and  is  constructed  of  heavy  steel  shells,  into  which  a  series  of  steel  tubes  are 
fastened  to  conduct  the  products  of  combustion  from  the  gas  burners  through 
the  generator.  The  body  of  the  heater  is  provided  with  an  air  inlet  at  the  top, 
and  outlet  at  the  bottom;  and  the  air  is  caused  to  circulate  around  thi:  tubes 
on  passing  downwards  whilst  the  burning  gases  are  passed  upwards  through  the 
tubes. 

In  general,  the  sizes  of  generator  given  below  are  suitable  for  ordinary 
classes  of  work,  but  heaters  of  other  dimensions  are  made  for  particular  cases : 


(1)  Diameter,  18  inches.  Height  61 
inches. 

Gas  Consumption,  90  cu.  ft.  per  hr. 
Air  Capacity,  13,500  cu.  ft  per  hr. 


(2)  Diamter  26  inches.  Height  76 
inches. 
Gas  Consumption,  180  cu.  ft.  per  hr. 
Air  Capacity,  27,000  cu.  ft.  per  hr. 


Under  the  above  conditions  the  temperature  of  the  hot  air  will  be  approxi- 
mately 300''F.,  when  the  gas  used  is  of  standard  heating  value;  and  if  such  needs 
to  be  raised  the  capacity  must  be  reduced  accordingly:  whilst  a  lowering  of 
temperature  would  necessitate  an  increase  in  the  supply  of  cold  air,  or  decrease 
in  the  supply  of  gas. 

ATMOSPHERIC  RADIATOR:  The  atmospheric  radiation  system  is  a 
form  of  heating  which  is  suitable  for  drying  purposes  where  the  work  is  of  a 
sensitive  nature.  The  heater  is  adapted  to  be  placed  inside  the  room  through 
an  opening  in  the  wall,  and  air  passed  through  it  so  that  heat  is  absorbed  from  the 
walls  of  the  conbustion  chamber  and  transferred  to  the  walls  of  the  heater  for 
the  radiation  of  heat  into  the  room.  The  products  of  combustion  are  pas.sed 
from  the  heater  to  the  outside  of  the  room  by  a  flue  connection,  and  the  atmosphere 
in  the  room  is  heated  entirely  by  radiation,  and  is,  therefore,  free  from  gases 
which  would  affect  the  work.     The  h       'is  designed  to  have  a  large  radiation 
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surface  in  a  limited  space,  so  that  considerable  of  the  heat  from  the  combustion 
of  the  gases  is  locaUzed  in  the  room  and  enables  a  drying  temperature  to  be 
reached. 

This  system  is  speciaUy  suitable  where  it  is  necessary  to  keep  the  combustion 
gases  out  of  the  drying  room,  as  such  have  a  tendency  to  tarnish  certain  classes 
of  work.  These  radiators  are  made  in  sizes  from  3  to  10  feet  long,  with  a  gas 
consumption  of  from  40  cubic  feet  to  80  cubic  feet  per  hour;  and  one  cubic  foot 
of  gas  has  a  heating  value  equivalent  to  three  cubic  feet  of  room  space  up  to  200''F 
with  the  atmosphere  at  normal  teraeperature  and  gas  at  standard  value. 

STEAM  GENERATION:  The  use  of  steam  for  heating  is  desirable  in 
many  industries  owing  to  the  fact  that  its  application  is  slow,  constant,  and  uni- 
form; and  in  such  cases  it  is  usually  more  economical  and  convenient  to  effect 
Its  generation  by  gas-heating  than  by  the  use  of  solid  or  liquid  fuels  The  ad- 
vantages of  gas-heating  in  these  cases  may  brieHy  be  stated  as  follows: 

(1)  It  requires  less  attention  and  is  automatic  in  control. 

(2)  It  avoids  insurance  laws  associated  with  the  storage  of  liquid  fuels. 

(3)  It  is  cleaner,  safer  and  reduces  ground  space. 

(4)  It  eliminates  fuel  storage  and  can  be  applied  at  any  hour  of  the  day  or 
night. 

(Vi  It  possesses  greater  efficiency  by  enabling  perfect  combustion  to  take 
phi  v:  with  the  concentration  of  heat  on  to  a  desired  point. 

(6)  It  can  be  applied  without  the  provision  of  a  flue,  and  the  steam'generator 
can.therefore,  be  located  in  the  most  convenient  position. 

(7)  It  eliminates  the  necessity  of  an  attendant. 

(8)  It  requires  no  investment  of  capital  in  fuel. 

(9)  It  prevents  loss  of  time  in  starting  and  can  be  shut  down  more  readily. 

(10)  It  is  easily  maintained  and  insures  a  constant  steam  pressure  at  all 
times. 

The  various  industries  in  which  gas-heating  is  applicable  for  steam  genera- 
tion are  too  numerous  to  refer  to  in  a  work  of  this  kind,  and  only  the  most  com- 
mon will  he  quoted. 

Arranged  in  alphabetical  order  these  are: 


Armature  Rei>airing. 
Artificial  Flower  Making. 
Bleaching  Laces,  etc. 
Blue  Print  Drying. 
Button  Manufacture. 
Candy  Boiling. 
Chemical  Laboratory. 
Cloth  Cleaning. 
Dress  Pleating. 
Distilling  Solutions. 


Dye  Manufacture. 
Hat  Manufacture. 
Jewelry  Cleaning. 
Jewelry  Plating. 
Laundry  Operating. 
Rubber  Melting. 
Steam  Baking. 
Sterilizing  Milk,  etc. 
Tobacco  Moistening. 
Umbrella  Manufacture. 
Mt 
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HEAT  TRANSFER:  The  transferritiK  of  heat  from  the  burning  fuel  to 
the  water  in  the  steam  generator  or  boiler  is  accomplished  by  conduction  and 
convection,  which  occur  in  their  respective  order.  The  burning  fuel  is  caused  to 
give  up  heat  to  the  shell  of  the  boiler,  from  which  it  is  transferred  through  the 
plate  to  the  interior  by  conduction,  and  given  up  to  the  particles  of  water  in 
contact  with  the  plate  which  transfers  heat  to  the  cooler  particles  by  convection. 
The  rapidity  in  which  heat  is  absorbed  by  convection  depends  on  the  effective- 
ness of  the  water  circulation  of  the  boiler,  and  the  extent  of  the  conductivity 
of  the  heating  surfaces. 

In  Pig.  85  the  effect  of  the  circulation  and  transfer  of  heat  is  shown  in  a 
plain  horizontal  boiler.  This  type  of  boiler  is  usually  heated  by  a  furnace  located 
at  the  front  end,  and  the  heated  nurents  of  water  rise  from  the  hottest  parts  of 
the  shell  directly  over  the  furnace  and  carry  bubbles  of  steam  with  it  to  the  sur- 
face. As  the  heated  water  ascends,  the  cooler  parts  from  the  back  end  take  its 
place,  and  the  circulation  is  thus  continued  in  the  direction  of  the  arrows. 
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In  the  illustration  it  is  seen  that  there  are  two  currents,  one  carrying  the 
cold  water  from  the  rear  to  the  front,  and  the  other  carrying  down  the  centre 
and  up  the  outside  of  the  shell.  This  circulation  is  in  a  direction  opposite 
to  the  furnace  gases.  It  is  evident  then  that  if  the  circulation  of  the  furnace 
gases  are  caused  to  follow  a  particular  path,  the  water  also  takes  one  path,  and 
the  circulation  is  more  lapid  and  uninterrupted  by  opposing  currents.  If  the 
water  is  heated  in  a  U-tube,  as  seen  in  Fig.  86,  a  uniform  circulation  is  set  up 
and  proceeds  without  interruption;  and  consequently  steam  is  generated  with- 
out the  vigorous  boiling  associated  «>  ith  large  masses  of  water,  as  in  the  cylin- 
drical boiler.  On  this  principle  the  water-tube  boiler  is  founded,  and  is  specially 
suitable  for  steam  generation  in  small  units  where  a  constant  pressure  is  desired. 

Under  ordinary  conditions  of  steam  production,  the  heat-giving  substances 
are  carbon  and  hydrogen,  which,  when  combined  with  the  necessary  amount  of 
oxygen  at  a  suitable  temperature,  are  caused  to  {arm  compounds  with  their 
evolution  of  their  heat.  This  combination  will  not  take  place  at  ordinary 
*emperatures,  and  the  fuel  must  first  be  raised  to  the  kindling  or  ignition  point 
before  the  elements  will  attract  oxygen  and  combine  therewith.  When  combus- 
tion is  once  commenced,  the  temperature  of  the  fuel  is  kept  above  the  ignition 
point  and  combustion  will  continue  while  ever  the  supply  of  fuel  and  oxygen  is 
present. 
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Uu  .er  this  principle  the  use  of  solid  fuels  for  steam  raising  originated,  but 
owing  to  the  fact  that  perfect  combustion  cannot  be  caused  to  take  place  in 
practice,  the  use  of  gaseous  fuels  promise  to  be  more  economical  when  applied 
by  scientific  methods. 

In  the  combustion  of  coal  the  combination  of  hydrogen  and  carbon  with 
oxygen  produces  gas  which  passes  up  the  flues  and  chimney.  The  composition 
of  coal  is  practically  a  mixture  of  carbon  and  hydrogen  of  varying  densities, 
and  consequently  it  is  impossible  to  obtain  perfect  combustion,  as  one  class  of 
hydrocarbon  requires  more  oxygen  than  another.  When  the  temperature  of  the 
coal  approaches  the  ignition  point,  the  li^test  gases  are  driven  off  first,  and 
finally  the  fixed  carbon  of  the  fuel  passes  off  in  combination  with  oxygen. 

The  oxygen  which  supports  the  combustion  constitutes  23  parts  (by  weight) 
of  the  atmospheric  air;  the  remainder  of  which  is  nitrogen,  which  will  neither 
burn  nor  support  combustion. 


t'icure  s(i 

The  amount  of  oxyKcn  required  for  the  complete  combustion  of  carbon  is, 
theoretically,  2  to  1  by  volume,  respectively,  and  as  the  atomic  weights  of  oxygen 
and  carbon  are  16  and  12.  respectively,  the  proportion  by  weight  is  32  to  12,  or 
2.67  pounds  of  oxygen  per  pound  of  carbon.  Assuming  that  the  atmosphere 
is  23  parU  oxygen  and  77  nitrogen,  the  weight  of  nitrogen,  mechanically  mixed 
with  2.67  pounds  oi  oxygen,  is  8.93  pounds,  or  that  it  requires  11.60  pounds  of 
air  to  completely  bum  one  pound  of  carbon. 

The  oxygen  required  for  the  combustion  of  hydrogen  is  1  to  2  by  volume 
respectively.  The  atomic  weight  of  hydrogen  is  1.  so  that  the  elements  combine 
in  the  proportion  of  19  to  2,  respectively ;  or  S  pounds  of  oxygen  per  pound  uf 
hydrogen.  The  weight  of  nitrogen  present  in  this  case  is  26.8,  so  that  one  pound 
of  hydrogen  requires  34.8  pounds  of  air  for  complete  combustion. 
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The  volume  of  gas  produced  by  the  complete  combustion  of  one  pound  of 
carbon  tmder  the  conditions  referred  to  is  152  cubic  feet,  whilst  the  volume  pro- 
duced by  the  combustion  of  hydrogen  is  457  cubic  feet.  From  this  data  the  vol- 
ume required  for  the  combustion  of  an  hydrocarbon  can  be  computed  when  the 
composition  of  such  is  known.  For  instance,  the  lightest  hydrocarbon  (Methane 
CH4)  is  composed  of  75  per  cent  carbcn  and  25  i,er  cent,  hydrogen,  by  weight; 
hence  the  combustion  of  one  pound  of  methane  requires:  (l'2X.75)4-(467X.25) 
-233.25  cubic  feet  of  air. 

When  carbon  is  caused  to  bum  with  an  adequate  supply  of  air,  it  evolves 
14,600  B.Th.U.  per  pound  of  fuel,  and  produces  the  gas  carbon  dioxide  COj; 
and  when  the  supply  is  insufficient  it  bums  with  one  atomic  proportion  of  oxygen 
only,  and  evolves  4,400  B.Th.U.  per  pound,  with  the  formation  of  carbon  mon- 
oxide CO.  The  complete  combustion  of  hydrogen  will  evolve  62,000  B.Th.U. 
per  pound  when  all  the  heat  is  absorbed,  and  the  product  is  condensed  to  water 
HiO,  but  when  the  combustion  takes  place  in  combination  with  other  gases, 
as  in  the  practical  operation  of  a  boiler  furnace,  the  burning  hydrogen  must, 
necessarily,  pass  off  as  a  gas,  which  reduces  the  total  evolution  of  heat  to  53,000 
B.Th.U.  Under  perfect  conditions  of  combustion,  it  is  evident  that  one  pound 
of  methane  will  evolve  (14,600X.75)-1-(62,000X.26) -26,460  B.Th.U.,  but 
under  the  practical  operation  of  a  boiler  fumace,  using  solid  fuel,  the  perfect 
combustion  cannot  be  caused  to  take  plare  for  various  reasons,  as  hereafter 
referred  to. 

In  the  operation  of  a  fumace  by  solid  fuel,  it  is  necessary  to  create  a  draft 
by  means  of  a  chimney,  for  the  drawing  of  air  for  combustion;  and  to  ensure  a 
good  draft  the  gases  ascending  the  chimney  must  be  comparatively  lighter  than 
the  incoming  air,  which  necessitates  the  temperature  of  such  being  greater. 
Under  ordinary  conditions,  the  temperature  of  the  chimney  gases  are  from  300° 
to  600°  F.,  and  consequently  a  comparatively  large  amount  of  sensible  heat  is 
passed  up  the  chimney  without  the  performance  of  work.  It  has  been  claimed 
that  this  lost  heat  may  be  avoided  to  a  large  extent  by  the  use  of  steam  blast 
beneath  the  furnace  grate,  but  this  method  also  possesses  a  number  of  disad- 
vantages. 

(1)  It  generates  water  gas  from  the  fuel,  and  the  water  gas,  after  combustion, 
absorbs  heat  from  other  gases  to  prevent  it  from  condensing  in  the 
chimney. 

(2)  It  causes  a  comparatively  large  amount  of  free  carbon  to  be  driven  off 
as  smoke. 

(3)  It  is  wasteful  in  steam,  and  a  comparatively  large  proportion  of  heat  units 
which  were  originally  absorbed  from  the  furnace  by  the  wat^r,  is  given 
up  beneath  the  grate  of  the  furnace. 

The  greatest  loss  is  undoubtedly  due  to  imperfect  combustion  of  the  carbon, 
and  immediately  after  a  charge  of  fresh  coal  the  volatile  matter  or  hydnx-arboai 
are  driven  off  and  only  partially  con.sumed  owing  to  an  inadequulo  supply  of 
air.  resulting  in  the  formation  of  imoke,  In  order  to  prevent  (he  loss  of  these 
gases  as  much  as  possible,  a  full  supply  of  air  is  essential,  and  when  the  hydro- 
carbons have  passed  off,  the  same  proportion  of  air  is  larncly  in  excesii  to  that 
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required  for  the  combustion  of  carbon;    hence  the  carbon  passing  from  the  fur- 
XllSgir^'  "'"  "'""'*"'*=  "•■•  ""'  ''•  '=''"-'"-"^'  '"--I  - 

VAPORIZATION:  In  comparing  the  efficiency  of  solid  and  gaseous  fuels 
on  a  steam  boiler,  .t  is  necessary  to  be  acquainted  with  the  facts  of  vaporization 
by  the  application  of  heat.  In  the  first  place  the  value  of  a  heating  agent  is 
rated  by  the  British  Thermal  Unit,  which  is  "th,  amount  of  heat  required  to  raise 
one  pound  of  water  one  degree  Fahrehehit."  When  the  temperature  of  water  has 
been  raised  to  the  boiling  point,  or  212»F.,  the  temperature  remains  constant 
and  the  heat  is  absorbed  to  convert  the  water  into  steam.  This  heat  is  known  r.s 
the  latent  heat  of  vaporization,"  and  is  the  amount  required  to  change  one  pound 

^7  IVu,^^  ^.^"^  '^'*'*°"*  '='**"«•' '°  temperature.  The  latent  heat  of  steam  is 
WJ7  B.ih.U.;  hence  to  change  one  pound  of  water  at  212°?.  to  one  pound  of 
steam  at  the  same  temperature,  it  requires  967  B.Th.U.  being  absorbed  by  the 
liquid.  Assuming  that  the  temperature  of  water  entering  the  boiler  is  00°F 
the  amount  of  heat  required  to  raise  one  pound  to  212°F.  is  212—60  =  1.52  B  Th  T 
and  to  convert  the  water  into  steam  it  requires  967  B.Th.U.;  hence  the  total 
amount  is  162+967  - 1.119  B.Th.U. 

HORSEPO^^^R ;  The  generating  power  of  a  boiler  is  rated  by  the  standard 
of  evaporation,  which  is  commercially  known  as  the  horsepower.  This  standard 
may  be  stated  as  "  The  evaporation  of  30  pounds  of  water  from  a  feed  water  tem- 
perature of  100° F.  into  steam  at  70  pounds  per  squar  inch  gauge  pressure  "  In 
the  calculation  of  horsepower  it  is  necessary  to  reduce  from  and  at  212°F  per 
pound  of  combustible,  owing  to  different  pressures  and  feed  water  temperatures 
at  which  boilers  are  operated.     The  actual  evaporation  of  70  pounds  pres<^^ure  is 

equal  to 34.5  units  of  evaporation,  or  34.5  pounds  of  water  evaporate 

to  steam  from  a  feed  water  temperature  of  212°F.     It  is  evident,  then  that  the 
boiler  horsepower  is  equivalent  to  967X34.5-3.3.360  British  Thermal  Units. 

FUEL  EFFICIENCY:  The  efficiency  of  a  boiler  is  "the  ratio  of  heat  ulUised 
tn  evaporating  water  to  the  total  heat  supplied  by  the  fuel"  In  computing  this  with 
a  solid  fuel  the  wqght  of  the  fuel  used  is  ascertained  and  the  ash  and  unburnt 
matter  allowed  for  so  t»-  •.  the  amount  of  heat  that  should  be  evolved  can  be 
calculated.  The  he-  xpended  in  the  generation  of  steam  is  then  calculated 
from  accurate  ob  .ttions  of  weight  and  temperature  of  feed  water,  and  jjaugc 
pressure  of  steam;  from  which  the  heat  absorbed  is  computed. 

With  this  data  the  efficiency  of  a  boiler  can  be  obtained  from  the  following 
formula: — 


1(!0  .V 


E. 


in  which  S-the  heat  utilized  in  steam  Bcncration, 
F  "the  hcut  evolved  from  the  furnace. 
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For  instance,  if  the  heat  utilized  is  180,000,000  B.Th.U.,  and  the  amount 
evolved  from  the  furnace  is  300,000.000  B.Th.U.,  the  efficiency  of  the  btriler  is:— 

100X180,000.000 

=60  per  cent. 

300,000,000 

The  greatest  proportion  of  the  40  per  cent,  loss  is  due  to  deposits  of  soot  on 
the  furnace  plates  and  tubes,  dilution  of  the  gases  by  nitrogen,  and  to  radiation. 

The  coals  most  frequently  used  for  steam  generation  on  a  large  scale  are  of 
the  bituminous  class,  and  in  installations  where  stoking  machinery  can  be  em- 
ployed, the  fuel  is  generally  the  most  economical.  In  small  steam  generators, 
such  as  used  in  the  industries  referred  to  on  page  137,  the  class  of  coal  is 
usually  anthracite  or  coke,  owing  to  the  high  percentage  of  carbon,  low  percent- 
age of  ash,  and  a  comparatively  small  amount  of  smoke  or  flame  when  burning. 


FiKure  S7 

Assuming  that  the  composition  of  these  fuels  is  90  per  cent,  carbon,  the  remainder 

of  which  is  nitrogen,  sulphur,  ash,  or  other  incombustible,  the  theoretical  amount 

of  heat  capable  of  being  evolved  from  one  ton  (2,0<K)  pounds)  will  be  as  follows: — 

(2,000 X. 90) X  14.500 -26, 100.000  B.Th.U. 

Under  the  average  conditions  of  a  boiler  furnace,  the  amount  of  heat  lo«t 
by  the  chimney  draft  and  incomplete  combustion  is  approximately  30  per  cent., 
which  makes  the  total  heat  given  up  to  the  boiler  as : — 
26,100,000X.70- 18,270,000  B.Th.U. 
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In  taking  the  efficiency  of  the  boiler  as  60  per  cent.,  as  in  the  previous  ex- 
ample, the  total  heat  utilized  in  the  generation  of  steam  is  — 
18,270,000X. 60 -10,960,000  B.Th.U. 

The  average  cost  of  these  fuels  at  the  time  of  writing  may  be  taken  as  $13.50 
per  ton,  to  which  it  is  necessary  to  add  $1.50  for  haulage  and  storage,  so  that  its 
use  is  eqmvalent  to  $16.00  per  ton,  or  730.666  B.Th.U.  per  dollar 


Figure  SK 

By  the  employment  of  a  boiler  heated  by  manufactured  gases,  the  heat 
evolved  can  be  concentrated  on  to  a  given  point  at  which  it  is  the  most  effective 
in  steam  generation,  and  loss  by  radiation  can  be  practically  avoided  owing  to  tht- 
cleanliness  of  its  use  enabling  the  steam  generator  being  placed  in  a  position 
Where  the  steam  is  desired,  and  thereby  avoiding  a  piping  system.  With  the 
admission  of  gas  at  a  given  pressure,  the  necessity  of  flue  draft  is  eliminated,  and 
the  admission  of  air  can  be  regulated  to  effect  perfect  combustion  with  a  given 
quality  of  gas.  Under  favourable  conditions  the  boiler  flues  and  burners  com- 
bined will  give  an  efficiency  of  96  per  cent,  of  the  total  heat  of  combustion  of  the 
gas, 

When  gas  is  consumed  on  a  large  scale,  as  in  this  case,  a  special  rate  can 
usually  be  obuined  from  distributing  companies  at  a  small  percentage  above 
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manufacturing  cost.  This  rate  may  vary  somewhat  in  different  localities,  and 
in  medium  sized  towns  a  rate  between  90  and  95  cents  coulc'  be  obtained  under 
present  conditions.  Assuming  that  the  rate  is  90  cents  net  per  1,000  cubic  feet, 
of  gas  with  a  calorific  value  of  590  B.Th.U.  per  cubic  foot,  which  is  the  standard 
adopted  in  many  towns,  the  heat  units  utilized  in  steam  generation  per  one  dollar 
of  expenditure  will  be : 

590X1.111 -655.490  B.Th.U. 

The  expenditure  of  fuel  acccn-ding  to  these  computations  is  approximately 
10  per  cent,  greater  by  the  use  of  gas,  but  the  advantages  gained  in  other  respects 
more  than  offset  this.  The  figures  apply,  of  course,  to  manufactured  gases, 
and  where  natural  gas  can  be  obtained,  the  rate  per  1,000  cubic  feet  is  consider- 
ably less  and  invariably  is  more  economical  than  either  coal  or  oil  for  all  purposes 

GAS-FIRED  BOILERS:  The  application  of  gas  has  been  made  to  boilers 
of  various  designs,  but  for  industrial  use  the  tubular  boiler  is  generally  the  most 
suitable.  The  necessary  fittings  and  boiler  mountings  are  in  common  with  those 
of  boilers  used  for  solid  fuel,  but  for  efficient  operation  it  is  advisable  to  equip 
such  with  an  automatic  feed  water  and  gas  control,  which  are  actuated  through 
link  mechanism  by  the  steam  pressure.  The  type  of  boiler  which  is  the  most 
suitable  for  any  one  particular  industry  is  a  subject  too  broad  to  be  discussed  in 
a  work  of  this  kind,  and,  in  general,  it  may  be  said  that  where  power  is  desired 
in  compact  form,  one  of  the  most  efficient  of  which  the  writer  is  acquainted  with, 
is  shown  in  Fig.  87,  whilst  for  small  units  a  very  suitable  design  is  illustrated  in 
Fig.  88. 
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ANALYSIS  OF  COAL:  The  composition  of  coal  is  carbon,  hydrogen  ash 
moisture,  and  traces  of  sulphur,  nitrogen,  and  iron,  or  other  metallic  comp<iunds 
m  varying  proportions.  In  order  to  obtain  economical  results  in  the  conversion 
of  coal  to  gas,  or  for  a  special  industrial  purpose,  it  is  advisable  to  know  the  nature 
of  the  substance,  for  which  purpose  a  chemical  analysis  is  required. 

MOISTURE:  The  first  determination  made  is  for  the  percentage  of  moisture 
and  this  IS  effected  by  finely  pulverizing  a  sample  of  coal  and  placing  an  accurately 
weighed  portion  in  a  stoppered  U-tube,  the  weight  of  which  has  been  previously 
ascertained.  A  second  U-tube  filled  with  pieces  of  calcium  chloride  is  then  care- 
fully weighed  after  the  air  contained  therein  has  been  displaced  by  gas.  The 
tube  containing  the  sample  of  coal  is  placed  in  a  beaker  of  water  kept  at  boiling 
point,  and  beyond  the  weighted  calcium  chloride  tube  there  is  a  smaller  calcium 
chloride  tube  which  prevents  the  absorbing  of  moisture  from  the  air  into  the 
weighed  tube.  A  current  of  coal  gas,  free  from  moisture,  is  then  passed  through 
the  tubes,  which  carries  the  moisture  from  the  coal  with  it  to  the  weighted  cal- 
cium cUoride  tube,  where  the  moisture  is  absorbed.  After  two  or  three  hours' 
continuous  heating  of  the  coal,  the  moisture  therein  should  have  all  been  driven 
off  into  the  calcium  chloride  tube  and  the  tube  is  disconnected  and  accurately  re- 
weighed.  The  increase  in  weight  shows  the  moisture  absorbed,  and  the  percent- 
age thereof  in  the  coal  by  computation. 

A  second  method,  which  r  i  /  be  used  to  corroborate  the  former,  is  to  place 
a  sample  of  coal  in  an  open  ovt.i,  heated  to  about  220°F.,  or  just  above  the  va- 
porizing point  of  water.  The  coal  should  first  be  accurately  weighed  in  a  small 
crucible,  the  weight  of  which  is  known,  and  should  be  taken  from  the  oven  and 
re-weighed  about  every  two  hours.  After  repeated  tests  it  is  found  that  the 
weight  of  the  coal  increases,  and  that  no  constant  weight  is  obtained.  The  in- 
crease of  weight  is  attributed  to  the  slow  oxidation  of  iron  compounds,  or  by  the 
absorpUon  of  gases  into  the  pores  left  vacant  by  the  expulsion  of  moisture;  and 
consequently,  the  lowest  weight  obtained  is  taken  for  the  moisture  determination! 

VOLATILE  MATTER  AND  COKE:  The  test  for  volatile  matter  is  made 
by  dnving  such  off  by  the  application  of  heat,  and  comparing  the  weight  before 
and  after  the  expulsion.  An  accurately  weighed  portion  of  finely  pulverized 
coal  is  placed  in  a  thin  even  layer  at  the  bottom  of  a  platinum  crucible,  and  the 
crucible  and  coal  accurately  weighed  without  the  cover.  The  crucible  is  then 
loosely  covered  and  placed  in  an  upright  position  in  an  iron  ring  bound  round 
with  platinum  wire  to  prevent  direct  contact  between  the  iron  ring  and  platinum 
crucible.  A  bunsen  burner  is  then  applied  to  he  bottom  of  the  crucible,  and  it 
should  be  noted  that  at  each  test  the  length  of  flame  and  position  of  crudble  is 
the  same,  so  that  the  establishment  of  similar  conditions  will  render  the  final 
results  comparable.  About  one  minute  after  the  gas  ceases  to  issue  from  be- 
neath the  lid,  the  bunsen  flame  is  removed,  and  the  crucible  placed  in  a  dessi- 
cator  for  a  few  minutes  to  cool  such  to  normal  conditions,  and  finally  re-weighed 
without  the  cover.  The  loss  in  weight  represents  the  volatile  matter,  from  which 
the  percentage  of  coke  is  obtained  by  difference.  Assuming  the  conditions  are 
as  follows: 


Weight  of  crucible  and  coal. . 


.400  grains 
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Weight  of  crucible 380  grains 

Wdghtofcoal  40  grains. 

Weight  of  crucible  and  coke 390  grains 

Weight  of  crucible 360  grains 

Weight  of  coke  30  grains. 

The  weight  of  volatile  rnattcr  lost  is,  therefore,  40       30-10  grains;  and  the 
percentage  thereof  is:—  .   •««  mc 

100X10 

-25.00, 

40 
whilst  the  76  per  cent,  difference  represents  the  coke. 

•  ^.  ^S"=  """^  I^ntage  of  ash,  or  inorganic  matter,  is  a  very  imporUnt  item 
m  the  quality  of  coal  or  coke,  and  its  determination  is  one  of  the  most  important 
in  many  proc^.  The  constituents  of  this  matter  is  iron  oxide,  silica,  alumina 
hme  and  su^^phides  m  varying  proportions,  and  traces  of  magnesia,  potash,  or 
other  metallic  compounds.  These  substances  fuse  together  to  form  a  metaUic- 
like  residue,  which  may  differ  somewhat  according  to  the  respective  percentages 
of  the  constituents.  The  harder  masses  are  usually  red  or  reddish-brown  Md 
have  an  iron  base.  ' 

To  determine  the  amount  of  ash  in  coal  or  coke,  a  sample  is  pulverized,  and 
a  weighed  portion  placed  on  apiece  of  platinum  foil  bent  over  a  glass  rod  to  form 
rj^l  °':^'!°'  '^^  ^P*'°"  °^  the  coal.  Previous  to  placing  the  fuel  in 
the  boat,  the  platinum  is  igmted  to  effect  a  thorough  cleaning  thereof,  and  after 
coohng.  It  IS  accurately  weighed  and  finally  the  boat  and  fuel  weighed  together 
The  fuel  IS  arranged  in  the  bottom  of  the  boat  at  a  depth  of  about  one-eighth  of 
an  inch,  so  that  the  heat  is  uniformly  distributed  to  effect  complete  combustion 

combustion  tube  of  about  one  inch  in  diameter  and  two  feet  long.  The  other 
end  of  the  tube  is  connected  to  an  aspirator  which  is  adjusted  to  draw  a  steady 
flow  of  air  through  the  tube  to  effect  combustion  of  the  carboneous  matter 
The  tube  IS  then  heated  to  redness  over  a  bunsen  burner,  or  in  a  combustion 
furnace  for  6  or  8  hours;  care  being  taken  to  effect  a  uniform  distribution  of  heat 
on  the  surface  of  the  boat.  After  the  combustible  matter  has  been  entirely 
consumed  the  heat  is  cut  off  and  the  boat  removed  from  the  combustion  tube 
TtT't '"  ?  ''*'"*='^^t°'      "  '^  then  accurately  weighed  and  replaced  in  the 

l^^r  u'.      TT""'  '"^''  **"*''"«•  "'*^'  ^^"^  P^"°d  it  is  again  cooled 

and  re-weighed.  If  the  two  weights  correspond,  it  is  evident  that  the  combustible 
matter  has  all  been  dnven  off,  and  the  percentage  of  the  ash  can  be  computed 
from  the  respective  observations. 

For  instance,  if  the  conditions  are  as  follows:— 

Weight  of  Boat  and  Coal 150  grains 

Weight  of  Boat        100  grains 

^'""t^fCoal  'logr^ns 

ISO 
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Weight  of  Boat  and  Ash 103  gn^^^ 

Weight  of  Boat loO  grains 

^«*tofAsh ~lgnans 

100X3 

The  amount  of  Ash  is       -6  per  cent. 

50 
This  is  a  common  example  of  a  good  class  of  coal,  and  the  amount  of  ash 
m  a  coke  from  the  same  coal  which  concentrates  to  75  of  its  original  weight,  as  in 
the  volatile  matter  determination,  is  as  follows:— 

100X6 

»8  per  cerit. 

.76 

SULPHUR:  The  presence  of  sulphur  in  coal  may  occur  in  different  forms 
as  metalhc  sulphides,  sulphates  or  organic  matter.  The  first  two  of  these  are 
wntent  m  the  coal  and  remain  in  the  ash  which  is  concentrated  therefrom;  whilst 
the  latter  form  may  be  divided  into  those  which  pass  off  in  volatile  matter,  and 
those  which  are  oxidizes  to  SO,  by  combustion  of  the  coke. 

In  determining  the  total  amount  of  sulphur,  a  finely  powdered  coal  is  in- 
timately mixed  with  sodium  chloride  and  potassium  nitrate  in  a  proportion  of 
1  to  20.  respectively.     The  mixture  of  chloride  and  nitrate  is  made  up  of  two 
parts  of  the  former  to  one  of  the  nitrate  by  weight.     When  the  coal  and  chemical 
reagents  have  been  thoroughly   mixed,  it  is  fed  into  a  platinum  crucible  in  very 
small  portions  while  heat  is  applied  very  gently.     The  source  of  heat  should  be 
from  an  Areand  Spirtt  Lamp,  in  preference  to  a  gas  flame,  to  prevent  the  possible 
ateorpuon  of  sulphur  from  burning  coal  gas.     The  hot  crucible  causes  deflag- 
raUon  of  the  mixture,  and  when  the  whole  sample  has  been  charged  and  the  de- 
flagration ceases,  the  residue  is  dissolved  in  water  and  a  slight  excess  of  hvdro- 
chlonc  acid  is  added  to  the  solution.     The  acid  solution  is  then  heated  for  20  or 
JO  minutes,  which  precipitates  the  metallic  compounds  as  chlorides      These 
salts  are  filtered  off,  and  an  excess  of  barium  chloride  added  to  the  filtrate  which 
bnngs  down  the  sulphur  as  barium  sulphate.     This  is  filtered  off  and  the  salt 
thoroughly  washed.     It  is  then  transferred  to  a  crucible  and  ignited,  which  con- 
sumes the  filter  paper  and  evaporates  any  chlorides  or  wat  -r.     After  the  residue 
has  been  cooled  in  a  desiccator  it  is  weighed  and  the  percentage  of  sulphur  com- 
puted from  the  observations. 

The  composition  of  barium  sulphate  is  according  to  the  formula  BaSO,  and 
the  percentage  of  sulphur  therein  is  approximately  13.74;  therefore  the  weight 
of  the  residue  must  be  multiplied  by  .1374  in  order  to  determine  the  amount  of 
sulphur. 

Assuming  that  the  weight  of  the  sample  of  coal  is  25  grains,  it  will  be  neces- 
^  to  add  20  times  tiii.  weight  of  sodium  chloride  and  potassium  nitrate,  or 

SWv'^^ii     Q^^"'*''"''  ""^"^^  ^^^  '^^"'-  '•"=  ^"«'""*  °f  ^"'Ph"'  therein  is 
^./^OX.  1^74 -.37785  gram*:  and  the  per  centagc  thereof  is  — 

100X37786 

— —  « 1 .51  per  cent. 
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It  is  frequenUy  desirable  to  know  in  what  form  the  sulphur  is  present  in  the 
coal,  for  which  it  is  necessary  to  make  determinations  'or  the  percentage  in  the 
ash  and  coke  respectively,  and  deduct  those  from  the  total  sulphur  to  obtain  the 
difference  which  is  present  in  the  volatile  matter. 

The  ash  is  obtained  as  previously  described  and  is  boiled  in  hydrochloric  acid 
solution,  which  precipitates  the  metallic  compounds  as  chlorides  and  dissolves 
the  sulphur  as  sulphuric  add.  The  precipitate  is  then  filtered  off,  and  the  sul- 
phur precipitated  from  the  fitrate  with  barium  chloride  as  in  the  previous  ex- 
ample. 

The  sulphur  content  in  the  coke  is  determined  by  combustion  in  which  the 
sulphur  is  oxidized  to  SO^.  This  determination  is  somewhat  similar  to  the  ash 
determination,  and  consists  in  heating  a  weighed  portion  in  a  platinum  boat  in 
a  combustion  tube  and  tiierein  reducing  the  coal  to  ash  by  combustion  The 
gaseous  products  are  aspirated  as  in  tiie  previous  case,  but  in  Uie  path  of  the 
gases  Uiere  is  located  a  bulbed  U-tube  containing  a  definite  quantity  of  standard 
solution  of  loa.  le.  This  solution  absorbs  tiie  SO,  according  to  Uie  reaction  I, 
+2H,0-fSO,-H^«-|-2HI.  The  excess  of  iodine  is  Uien  determined  by  a 
standard  solution  of  sodium  thiosulphite,  and  the  amount  converted  to  sulphuric 
acid  by  the  SO,  is  obtained  by  difference. 

If  the  sulphur  in  the  ash  and  coke  are  then  added,  and  the  product  deducted 
from  tiie  total  sulphur  obtained  in  the  first  test,  the  difference  gives  the  sulphur 
in  tiie  volatile  matter  of  the  coal,  from  which  the  respective  percentages  may  be 
computed. 

NITROGEN:  One  meUiod  which  is  wid.Iy  used  to  ascertain  tiif  percentage 
of  mtrogen  is  by  heating  finely  powdered  coal  with  concentrated  sulphuric  acid 
in  the  presence  of  manganese  dioxide.  The  reaction  causes  the  carbon  and  ..'- 
ganic  matter  to  be  completely  destroyed  and  converts  the  nitrogen  into 
monium  sulphate.  The  solution  is  tiien  titrated  by  a  sodium  hydrate  soh.' 
and  the  contents  of  the  flash  distilled  for  the  evolution  of  ammonia.  Thr  •  i- 
monia  is  led  into  a  standard  solution  of  sulphuric  acid  and  tiie  amount  o,  .cid 
neutralized  observed,  from  which  the  nitrogen  is  computed. 

In  this  determination  the  proceeding  is  as  follows: — 

About  1  gram  of  coal  is  weighed  out  and  heated  for  30  minutes  in  25  to  30 
cubic  centimeters  of  concentrated  sulphuric  acid  in  a  flask/.  Fig.  89.  After  this 
period  5  grams  of  manganese  dioxide  is  added,  and  the  solution  boiled  for  45 
minutes,  after  which  5  grams  more  of  the  dioxide  is  added,  and  the  whole  heated 
for  45  minutes  longer.  The  solution  is  then  allowed  to  cool  and  an  excess  of 
sodium  hydrate  added,  tiie  la  r  being  made  by  dissolving  1.5  ounces  of  the  salt 
in  water.  The  contents  of  th..  uask  are  tiien  distilled,  when  the  ammonia  passes 
off  through  the  condenser  c  and  into  the  receiver  R.  into  which  a  definite  quantity 
of  standard  sulphuric  acid  solution  has  been  placed.  A  U-tube  t  is  located 
beyond  the  receiver  and  also  contains  standard  acid  to  neutralize  any  ammonia 
which  may  escape  from  the  receiver.  WTirn  distillation  is  completed  the  ap- 
paratus is  allowed  to  cool  for  about  20  minutes  previous  to  disconnecting,  and 
finally  the  contents  of  the  receiver  and  U-tube  are  poured  into  a  beaker  and  the 
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amount  of  acid  neutraliied  carefully  observed.  The  number  of  cubic  centi- 
meters are  then  multiplied  by  .014  gram,  from  which  the  percentage  can  be  readily 
obtained. 

Asjjuming  that  3  cubic  centimeters  were  neutralized,  the  weight  of  nitrogen 
would  be  .014X3 -.042  gram,  and  if  the  weight  of  the  coal  taken  was  exactly 
one  gram,  the  percentage  is  4  20. 


Figure  80 

COMBUSTIBLE  MATTER:  The  remainder  of  the  coal  is  practically 
carbon,  hydrogen  and  oxygen,  and  the  amount  thereof  can  be  obtained  by  deduct- 
ing the  total  impurities.  The  first  two  elements  are  combustible,  whilst  oxygen 
is  a  combustion  supporter  only  and  has,  therefore,  no  heating  value.  When  coal 
is  heated,  the  oxygen  combines  with  the  hydrogen  for  combustion  and  reduces 
the  percentage  of  the  latter  element  accordingly.  This  reaction  produces  water 
vapor  and  requires  two  atoms  of  hydrogen  to  one  of  oxygen;  and  as  the  respec- 
tive gravities  are  1  to  16,  the  respective  proportion-  by  weight  are  one-eight  to 
one.  It  is  evident,  then,  that  by  deducting  .e-eight  of  the  percentage  of 
oxygen  from  the  percentage  of  hydrogen,  the  nei  amount  of  hydrogen  which  can 
be  recovered  is  obtained ;  for  instance,  if  the  percentage  of  hydrogen  is  5.50,  and 
that  of  oxygen  7.20,  the  unoxidized  hydrogen  is         7.20 

5.50 =4.40  per  cent. 

8 

Of  these  three  elements  it  is  necessary  to  determine  two  only  by  analysis, 
when  the  third  can  be  obtained  by  difference.  As  the  carbon  and  hydrogen  are 
combustible,  these  two  are  determined  by  effecting  combustion  under  conditions 
by  which  the  products  thtreJrom  can  be  accurately  measured.  The  analysis 
is  illustrated  with  reference  to  Fig.  90. 

About  5  grams  of  finely  powdered  coal  is  placed  in  a  small  platinum  boat, 
and  the  boat  introduced  into  the  combustion  tube  t  t',  near  the  end  /.  The 
said  tube  is  made  of  hard  Bohemian  glass,  and  is  about  30  inches  long,  and  from 


If 

I 


FUEL  ANALYSIS 


Chapter  Nine 


;. 


«/8  to  3/4  inches  in  the  inside  rla-  leter.  Previous  to  pladns  the  tube  in  iu 
position,  it  is  filled  to  about  24  inches  from  the  end  t'  with  dried  cupric  oxide. 
The  end  /  where  the  coal  is  locate<l  is  c  naected  to  an  appartus  O  for  transmitting 
oxygen  or  air  to  support  the  combustion  .f  the  coal;  and  in  the  path  of  this  fluid 
there  is  located  a  jar  7  containirj  "  m  'i  for  the  removal  of  carbon  dioxide,  and 
apairof  U-tubesCand  C'oonta-u  is  cilc  ra  chloride  for  the  removal  of  moisture 
At  the  other  end  of  the  apparatu  V  ^,  o  is  rovided  a  U-tube  C",  which  contains 
calcium  chloride,  the  weight  .1  ci.  .  i.  ha'  een  previously  ascertained;  and  be- 
yond this  tube  there  is  a  bulb  '•  'i  i^ ,,  «,nt  Jns  potash,  the  weight  of  which  must 
also  be  known;  and  finally  tha  is  ..  ,?,.  nd  tube  C  fiU.d  with  calcium  chloride  to 
prevent  loss  of  water  from  the  pr  1  ■  •'h 


^O  :' 


Figure  00 

The  combustion  tube  is  supported  in  a  gas  ftmace  F.  and  the  part  of  the 
tube  that  contains  the  cupric  oxide  CuO  is  heated  to  redness.  The  end  of  the 
tube  containing  the  boat  of  coal  is  then  graduaUy  heated  so  that  the  volatile 
matter  is  driven  off  from  the  coal,  and  this,  on  passing  through  the  red-hot  cupric 
oxide,  takes  up  oxygen  therefrom  for  combustion.  On  passing  through  the 
apparatus  the  water  vapor  resulting  from  the  combustion  of  hydrogen  is  absorbed 
by  the  calcium  chloride  in  tube  C",  and  the  carbon  dioxide  by  the  potash  in 
bulb  b,  whilst  the  contents  of  guard  tube  G  absorbs  any  moisture  which  may 
pass  from  the  previous  vessel.  After  about  50  minutes  the  volatile  matter  should 
be  driven  off  and  the  dried  air  or  oxygen  is  passed  through  the  combusf ion  tube 
from  the  vessels  O.  J.  C,  C,  to  bum  the  remaining  carbon.  The  weight  of  vessels 
C  .  B  C  an  then  ascertained  and  the  increase  in  C"  calculated  for  the  per- 
centage of  hydrogen,  whilst  the  increase  in  vessels  b  and  G  gives  the  percentage  of 
carbon. 

Assuming  that  the  weight  of  the  coal  is  6  grams,  and  that  the  increase  of 
weight  in  the  calcium  chloride  and  potash  vessels  is  2.9  and  14.3  grams,  respec- 
tively, the  percentage  of  hydrogen  and  carbon  will  be  as  follows:  The  hydrogen 
bums  to  Hfi,  and  is,  therefore,  two  parts  hydrogen  and  om  part  oxygen  The 
atomic  weights  of  these  elements  are  1  and  16.  respectively,  which  makes  the 
molecular  weight  as  2 -(-16  =  18;  hence  the  weight  of  hydrogen  is  2  X2.9 

-.322 

grams ;  and  the  percentage  thereof  is  jg 

..^22X100 

=6.44. 
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One  atomic  proportion  of  carbon  bums  with  two  atomic  proportions  of 
oxygen,  and  the  atomic  weights  of  the  elements  is  12  and  16,  respectively;  there- 
fore the  molecular  weight  of  COt  is  12+32-44.  The  weight  of  carbon  in  14.3 
graais  of  carbon  dioxide  is,  therefore,  12X143 

-=3.9  grams;    and  the  percentage 
thereof  is     3.9X100 


44 


■78.00. 


If  the  percentages  of  carbon,  hydrogen,  nitrogen,  sulphur  and  ash  are  then 
added  together,  the  difference  gives  the  percentage  of  oxygen  or  other  incom- 
bustible matter  which  it  is  not  necessary  to  determine  for  practical  purposes. 

SPECIFIC  GRAVITY:  It  may  be  said  that  the  specific  gravity  of  a  body  is 

The  relattonshtp  existing  between  equal  bulks  of  a  substance  compared  with  a 

standard  substance.-     The  standard  substance  for  gases  is  hydrogen,  and  for 

hquids  and  solids  it  is  distilled  water  at  39.2F.  which  is  the  temperature  of  its 

maximum  density. 

The  specific  gravtty  of  coal  is  obtained  by  first  weighing  a  sample  in  air.  and 
then  weiKhmg  it  m  w..ter,  and  computing  the  difference  according  to  the  foUow- 
mg  conditions:  When  the  coal  is  weighed  in  water,  it  loses  weight  equal  to  its 
own  bulk  of  water;  he,iee,  by  dividing  the  weight  of  coal  in  air  by  the  loss  of  its 
weight  in  water,  the  specific  gravity  is  obtained.  For  instance,  if  a  piece  of  coal 
•«ighs  1,000  grains  in  air,  and  237.8  grains  in  water,  the  loss  of  weight  is  1,000- 
237.8  =762.2  grains;    and  the  specific  gravity  sl.OOO 

-1.312. 

762.2 

CALORIFIC  VALUE:  The  total  heating  or  calorific  value  of  coal  may  Ik- 
calculated  from  the  composition  of  the  ci.^'  as  determined  by  analysis,  but  for 
practical  purposes  it  is  usually  more  convenient  to  obtain  such  bv  burnim  coal 
in  a  combustion  supporter  and  measuring  the  heat  evolved  through  the  m.  iium 
of  water. 

A  simple  and  efficient  form  of  apparatus,  w  hich  may  h.  used  for  thi  purpose 
IS  illustrated  in  Fig.  91,  in  which  C  is  a  copper  cylinder  adapted  to  receive  the 
fuel,  and  is  located  on  a  brass  base  b  surrounded  by  another  coppe^  cylinder  C 
The  fuel  cylinder  is  perforated  by  very  small  holes  to  enahl.  h-  scs  from  the 
combustion  of  the  coal  to  pass  into  the  water  and  give  up  e  h~  at  therefrom 
The  latter  cylinder  is  also  provided  vntb  a  copper  tube  /,  on  wi  h  .  cock  is  fitted 
so  that  when  the  two  cylinders  C  and  C  are  fitted  tog.  iher  ano  i.troduced  into 
the  water,  the  liquid  is  excluded  from  vessel  C  when  i,..  cock  .>  >  U>s«l,  or  ad- 
mitted when  the  cock  is  opened.  The  combustion  cylinders  ire  located  in  a 
glass  cylinder  C.  which  is  adapted  to  contain  a  definite  quantit  x-  of  water  when 
filled  to  a  certain  mark. 

In  making  a  test  by  this  apparatus,  an  accu-»tely  weii  heti  trtHi  .f  finely 
ground  coal  is  mixed  with  ten  times  its  weight  of  a  mixture  f  one  part  nitrate  of 
potash,  and  three  parts  of  potassium  chlorate;  the  said  compo-jr  is  having  been 
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dried  previous  to  weighing.  The  mixture  is  then  introduced  into  cyUnder  C. 
in  conjunction  with  a  fuse  o-nsisting  of  cotton  wick  which  has  been  dipped  in  a 
solution  of  nitre  and  dried.  When  the  fuse  is  fixed  by  packing  the  fuel  around  it, 
the  temperature  of  the  water  is  taken  by  a  delicate  thermometer,  and  the  fuse 
then  lighted  and  water  cylinder  C  fixed  in  its  position  with  the  cock  on  /  closed 
before  placing  it  in  the  water.  In  about  one  minute  the  fuse  bums  down  the 
coal  and  produces  combustion,  and  when  such  finaUy  ceases,  the  cock  on  /  is 
opened  and  the  cylinder  moved  up  and  down  for  a  few  seconds  to  distribute  the 
heat  throughout  the  ^ole  of  the  water.  The  temperature  in  then  taken  and 
the  difference  noted,  from  which  the  calorific    •  ^e  is  obtained. 


i      • 
-I 
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For  convenient  calculation  it  is  common  practice  to  u%  two  grains  of  coal 
20  grainfl  of  the  mixture  of  nitrate  of  potash  and  potassium  chlorate,  and  1,937 
grains  of  water,  which  corresponds  to  a  mark  on  the  glass  cylinder  at  m'V. 
These  conditions  arc  based  on  the  assumption  that  907  heat  units  arc  required 
to  convert  one  unit  weight  of  water  into  steam;  hence,  by  dividing  the  weight  of 
wHtcr  by  the  weight  of  coal   '-^-IHi?,  it  is  e-.ident  that  one  grain  of  coal  is 
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S^    r  1  -s  equ,val«t  to  the  pounds  of  water  which  one  pound  of  coal 

mulfphed  by  the  heat  units  per  pound,  will,  therefore,  give  the  h^tL^t 
of  one  pound  of  coal  in  British  Thermal  Units.  neaung  value 

OIL  ANALYSIS: 
SPECIFIC  GRAVITY:    The    first    determination    which    it    is    desirable 
to     make    .n    oil    valuation     is     the    specific    gravity,     and    th  s    c^n     iL 
approximately  made  by  means  of  a  hydrometer  if  desired.     Oil    however  t 

P«e  a  specific  gravity  botUe  is  used.     These  vessels  are  made  to  hold  50  or  "w 
grams  of  distilled  water  at  60'F..  and  are  fitted  in  the  neck  with  a  j^rfl  ed 

In  the  use  of  this  bottle  the  oil  is  poured  into  the  top  of  the  t  eck  and  the 
stopper  of  the  botUe  inserted  so  that  any  air  is  driven  out  through  Se  ^1  v 
Uons  m  the  stopper^    The  bottle  is  then  thoroughly  cleaned  of  al,  orbyTan 
of  a  softdoth.  and  the  top  of  the  stopper  should  be  cleaned  by  the  hand  to  p"vem 
^y  absorbent  material  drawing  air  from  the  capilliary  bo«  of  the  stopS^rd 
!r  r'""!  "*•'  ''^'''^'  "^  '^'^  °"      '^  'x'tUe  and  contents  are  then  Eh^ 
«.d  the  weight  of  the  bottle  deducted  to  obuin  the  weight  of  thfoiL     tJT  sS 
fi.  gravity  can  then  be  determined  at  60  p.  by  dividing  the  weight  of  the  STJy 
the  weight  of  an  equal  bulk  of  disUUed  .ater.     For  instance,  if  the  bouie  holds 
50  grams  of  distiUed  water  at  60»F..  and  the  weight  of  the  oil  at  the  same  tern 
perature  is  42.5  grams,  the  specific  gravity  of  the  oil  is  '5'-  ^^ 

It  should  be  noted,  however,  that  the  exact  temperature  of  the  liquids  is 
very  important  in  obtaining  accurate  determinations  and  if  the  test  cinno 
be  ««^e  at  exactly  60"F.  the  temperature  should  be  carefully  obVr^ed  Z  a 
correction  made  by  the  coefficient  .0004.  which  is  equal  to  on  C"  frht'he  t 
I  IS  evident  that  at  a  higher  temperature  the  liquids  expand  and  lower  the  wdght 
whL T"  ^'>''""«'V;     conscuently  the  co-efficient  .should  be  added 

whilst  at  a  lower  temperature  ,t  should  be  di-ducted.  For  instance,  if  the  tem 
perature  of  the  oil  is  70'F..  it  is  necssary  to  add  .00O4X10-.0a»  o  tie  r  u^, 
obtained  by  the  weighing.  Assuming  that  Uie  previous  test  had  l.een  made  a 
S  m      ^  '^  """''^  ''  S50-f  OOt  - .854;  whilst  at  .WF.  it  would 

,.«.J.^rr*'V*t*"'  "*['  ^'■^fficient  should  be-  employed  in  correcting  large 
stocks  of  oil  ,n  tanks,  as  the  atmospheric  temperature  affects  expansion  and  con- 

rratT^'^r^orin^ii.^"  ""•"'-''-  ^'  '^^  -^■«^^^-  -  ™ 

<      v'al^of'''T''  ^S^'-ATION:    The  most  in.portant  information  as  to 
c     ^.?io  T  ^/*'"'."««  ^y  ««*»"«•'«  the  oil.  and  collecting  in  fractions 

lil  Ll^  K  V       ":^r  "'""'"'^^•^•^  «-''•  i-f  «h.ch  n  thermometer  is  in- 
•erted  with  the  b-  lb  just  below  the  delivery  opening,  as  seen  in  Fig.  92. 
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On  the  deUvery  pipe  of  the  flask  there  is  located  a  condenser,  made  from  a 
piece  of  wide  bore  glass  tubing  and  two  rubber  stoppers,  and  through  which  a 
supply  of  water  is  constantly  passed  to  bring  down  the  vapors  coming  from  the 
flask  to  a  liquid.  The  distillation  is  colected  in  a  series  of  test  tubes,  and  the 
temperature  noted  at  each  collction.  When  the  volatile  matter  has  all  been 
driven  oflf,  the  soUd  residue  or  pitch  is  weighed,  and  should  not  be  more  than  one 
per  cent,  of  the  original  sample.  The  temperature  of  the  oil  should  be  regulated 
so  that  the  distillate  comes  off  gradually  and  falls  from  the  condenser  into  the 
test  tubes  in  drops.  The  coUected  samples  can  then  be  tested  individually  for 
specific  gravity,  acidity,  or  other  information  which  it  ia  desirous  to  know. 


Hi 
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PifurcBS 

FLASH  POINT:   The  flash  point  of  an  oil  is  "  The  lemperature  at  which  tha 
Ml  commences  to  pve  off  sensible  qnantHies  of  inflammable  rapors."    The  deter- 
mination of  this  point  is  a  very  important  item,  owing  to  the  fact  that  oil  trana- 
portation  and  fire  laws  associated  with  llw  siorage  of  oil  are  influenced  by  it 
It  is  evident  that  an  oil  with  a  low  flash  pwnt  is  more  dangerous  to  transport 
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l«roiight  near  a  heated  atmosphere,  or  in  the  vicinity  of  sparks. 

Abel^l^hfT,.*  ""''  ^  determined  by  various  types  of  apparatus,  but  the 

^^6^""      .  """i  ~"™°"      '^''  "PP"**"*'  P'f  •  »3'  «  constructed  of 
copper  and  brass  and  confirms  to  accurate  dimensions.     The  oil  cup  C  is  a  cylin- 


Pipin  93 

drical  gunmetal  vessel  2  inches  in  diameter,  and  2.2  iu.hes  high  to  the  supporting 
nm  R.  A  bent  wire  W  serves  as  a  gauge  for  the  height  of  the  oil  in  the  cup.  A 
brass  cover  C  carries  a  thermometer  t  for  registering  the  temperature  of  the  oil 
m  the  cup,  and  also  a  test  lamp  L  for  igniting  inflammable  vapors  The  lamp  L 
IS  mounted  on  trunnions  so  that  it  may  be  oscillated,  and  it  is  provided  with  a 
pUited  candle  wick  and  bums  rape  oil.  The  .ver  C  is  provided  with  three 
rectangular  holes  adapted  to  be  uncovered  l,y  slides  5  which  moves  in  grooves 
»nd  has  perforations  in  it  corresponding  to  th  e  in  the  lid.  The  slide  also  carries 
.pin  which  tilts  the  lamp  in  its  movement.  .  .a  turns  the  .pout  downwards  into 
the  holes  It  uncovers.  The  return  movement  of  the  slide  to  dose  (he  hole  dis- 
eng.^  the  pin.  and  allows  the  lamp  to  swing  hack  to  its  original  position.     In 
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line  with  the  lamp  there  is  a  white  bead  ft  on  which  the  test  flame  reflects  and 
provides  i  gauge  for  the  adjustment  of  the  size  of  the  flame.  The  oil  is  heated 
through  baths  which  consist  of  two  flat  bottomed  copper  cylinders  C"  and  C», 
fixed  to  a  circular  plate  p.  An  ebcmitc  ring  prevents  metallic  contact  between 
the  oil  "Up  and  the  bath.  The  outer  bath  is  provided  with  a  funnel  F,  an  over- 
flow O,  and  a  thermometer  t',  and  the  whole  outfit  is  surrounded  by  a  copper 
jacket  /  resting  on  a  cast  iron  tripod.  Attached  to  one  leg  of  the  tripod  there 
is  a  spirit  lamp  L'  for  heating  the  bath. 

In  making  a  test  the  apparatus  is  placed  in  a  position  free  from  drafts,  and 
preferably  in  a  room  with  green  shades  to  restrict  the  light  and  permit  a  distinct 
reflection  of  the  test  flame  on  the  white  bead.  When  the  apparatus  is  located  in 
a  suitable  position,  the  bath  is  filled  with  water  through  the  funnel  F  until  it 
overflows  at  O;  and  the  oil  is  poured  into  the  cup  until  its  surface  is  level  with  the 
wire  gauge  W.  The  temperature  of  the  water  when  filling  the  bath  should  be 
approximately  130°F.  The  thermometer  t  is  then  -nserted  so  that  its  bulb  is 
just  below  the  surface  of  the  oil,  and  finally,  the  test  lamp  L  is  lighted.  When 
the  temperature  of  the  oil  reaches  66°P.  the  pendulum  is  set  in  motion  so  that  its 
bulb  passes  over  the  entire  surface  of  the  oil,  and  the  test  should  hereafter  be 
made  at  every  1°P.  rise  in  temperature.  The  oscillations  of  the  pendulum 
serves  as  guide  for  applying  the  test,  and  it  is  good  practice  to  slowly  draw  upon 
the  slide  while  the  pendulum  is  making  the  third  oscillation,  and  close  it  during 
the  fourth.  When  the  oil  vapors  ignite  with  a  pale  blue  flame,  the  temperature 
should  be  noted  and  taken  as  the  flash  point. 

The  aforesaid  proceeding  is  usually  sufficient  for  gasmaking  or  other  in- 
dustrial purposes,  but  it  occasionally  happens  where  very  volatile  and  heavy  oils 
are  used  for  a  special  purpose.  In  testing  the  volatile  oib  it  frequently  happens 
that  the  temperature  of  the  oil  has  been  brought  down  by  placing  the  sample  in 
ice  water  previous  to  placing  it  in  the  oil  cup  of  the  testing  apparatus,  and  in 
these  cases  the  water  bath  which  regulates  the  temperature  of  the  oil  must  also 
be  cooled  by  ice  previous  to  applying  heat.  In  applying  the  test  for  a  heavy  oil, 
it  is  advisable  to  fill  the  heating  bath  with  a  liquor  more  volatile  than  water, 
such  as  gas  oil  or  water  gas  tar. 

To  obtain  accurate  results  it  is  necessary  to  correct  the  test  to  atmospheric 
pressure.  It  is  found  that  the  flash  point  is  elevated  or  depressed  to  an  average 
of  l.fl°F.  for  every  inch  rise  or  fall  in  barometer  from  the  standard  height  of  30 
inches;  hence,  if  the  test  shows  a  flash  point  of  78°F.,  and  the  barometer  i.«  30.8 
inches,  the  correct  point  at  normal  pressure  is  78X(30.8— 30.G)X1.6»76.72''F. 

The  Abel's  test  is  employed  by  several  countries  as  a  standard  for  oil  laws, 
and  when  the  flash  point  is  below  73  at  normal  pressure,  it  is  classified  as  being 
h'ghly  inflammable,  and  its  transportation  and  use  is  restricted  without  special 
precautions. 

GAS  ANALYSIS. 

INTRODUCTION :  The  determination  of  the  elements  of  a  gaseous  mixture 
constitutes  a  special  branch  of  chemical  analyiis.  and  frequently  involves  the 
use  of  special  apparatus.  The  expansion  and  contraction  of  gases  is  influenced 
greatly  by  atmospheric  pressure  and  temperature,  which  necessitates  the  use 
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confi^JlT"^,,***"!* ^  °"**'^  °^  ^^y^"  ^^°'^«  the  use  of  mercury  »  the 
confimng  hquid    and  they  also  require  elaborate  apparatus  wuS^^^ork 

i«L  an?^        /"''■  "  ""^  ""«**^  '"  «»«  <^y^^  'or  indusWal  pur- 
Poj«^  wd  more  simple  means  are  in  use.  the  elements  of  which  wiU  be  h«i^ 


PifurelM 
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The  exponaon  of  a  volume  of  gas  according  to  temperature  conditions  is  at 
the  rate  of  —  for  every  I'F.  rise;  hence,  by  observing  the  correct  temperature 
at  which  the  test  is  made,  and  correcting  the  volume  by  the  fraction,  the  volume 
at  normal  pressure  is  obtained. 

ANALYTICAL  APPARATUS:  The  abf  aiJtion  of  a  gaseous  constituent 
is  carried  out  by  apparatus  which  serves  for  holding  the  absorbing  liquid,  and 
for  bringing  the  gas  in  contact  with  it  after  being  accurately  measurwl.  The 
gases  remaining  after  absorption  are  then  carried  over  into  the  measuring  tube 
and  the  volume  noted,  from  which  the  volume  absorbed  is  obtained  by  differ- 
ence. One  of  the  most  widely  used  apparatus  is  based  on  this  principle,  and 
consists  essentially  of  a  measuring  apparatus  or  burette,  and  an  absorbing  vessel 
or  pipette.    The  burette  is  illustrated  in  Fig.  94. 

The  tubes  <  and  <'  are  made  of  glass,  cemented  in  slots  of  semi-circular 
wooden  feet,  and  are  connected  together  by  three  or  four  feet  of  india-rubber 
tubing.  The  tubing  is  divided  in  the  centre  and  joined  by  a  piece  of  glass  tub- 
ing so  that  the  connection  may  be  temporarily  broken  to  facilitate  cleaning  of 
the  tubing.  The  bottom  of  the  tubes  /  and  <'  inside  the  feet  are  bent  at  right 
angles,  and  conicaUy  drawn  out  for  the  reception  of  rubber  tubing,  and  the  pro- 
jecting ends  are  corrugated  to  enable  the  rubber  to  be  tig^Uy  attached  and  bound 
by  thin  copper  wire.  The  tube  t'  terminates  at  the  top  in  a  capiUiary  tube  C. 
fcom  1/2  to  1  millimeter  internal  diameter,  and  approximately  three  centimeters 
long.  On  the  capiUiary  tube  a  piece  of  india-rubber  tubing  is  secured  by  copper 
wire,  and  is  adapted  to  be  closed  by  means  of  a  pinch  cock  p.  The  measuring 
tube  t'  a  graduated  to  100  cubic  centimeters,  and  each  C.  C.  is  divided  into 
fifths.  The  tube  t  is  not  graduated,  and  is  open  at  its  upper  end  to  enable  Uquids 
to  be  poured  therein. 

In  the  operation  of  the  burette  the  two  tubes  are  filled  with  water  and  then 
moved  up  and  down  a  few  times  to  eliminate  any  air  which  may  be  enclosed 
therein.    The  measuring  tube  is  then  connected  to  the  gas  supply  by  means  of 
tubing,  and  the  air  driven  from  it  by  raising  the  pressure  tube  t.    The  said  tube 
is  then  grasped  by  the  left  hand;  the  rubber  tube  closed  at  /?;  the  contents  of 
tube  t  poured  out;    and  tiie  pinch  cock  p  opened,  which  causes  water  to  flow 
from  the  measuring  tube  to  the  pressure  tube  and  draw  gas  with  it.     When  the 
measuring  tube  is  filled  with  gas,  the  piuch  cock  is  closed  and  the  gas  supply  dis- 
<   nnected;    and  after  waiting  a  few  minutes  for  the  water  to  settie,  the  tubes 
are  raised  and  lowered  until  the  level  of  water  is  the  same  in  each  tube.     The  gas 
is  now  under  atmospheric  pressure,  and  its  volume  is  read  off.    The  volume  at 
this  stage  should  be  slighUy  more  than  100  cubic  centimeters,  and  to  adjust  it 
to  exacUy  100  C.  C,  the  gas  is  compressed  to  shghUy  less  than  the  volume  re- 
quired by  raising  tiie  pressure  tube  and  then  closing  Uie  rubber  tube  at  the  base 
of  the  measuring  tube  with  the  thumb  and  first  finger  of  the  left  hand.     The 
pressure  tube  is  then  placed  on  the  table;  the  measuring  tube  rMsed  by  the  nght 
hand  to  the  level  of  the  eye.  and  the  rubber  tube  carefully  opened  until  the  gas 
stands  at  exactiy  100  C.  C.    The  rubber  tube  is  again  closed  and  the  pinch  cock 
opened  for  a  second  to  allow  excess  pressure  to  escape  and  leave  the  volume  of 
gas  at  100  C.  C.  atmospheric  pressure. 
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«^.If  hfli^A  ""Tt     ?'  """*'* ''  ^^^^'^  '*  illustrated  in  Fig.  95.  and  con- 

are  about  160  and  100  cubic  centimeters,  so  that  when  the  100  C.  C.  of  gas  is 
bnnight  into  the  larger  bulb.  su£Bcient  space  is  allowed  for  the  absorbing'^i 
The  pipette  is  usuaUy  screwed  on  to  a  wooden  frame  as  shown  to  permit  easiS 

hary  tube,  a  shor^  p.ece  of  india-rubber  is  fastened  by  means  of  thin  wire  to  en- 

befc„d  the  capilliary  tube  there  is  a  scale  which  is  generally  made  of  white  pro- 

iUuJJter"*'"'  thus  described  represents  the  simplest  form,  and  servesJto 
Illustrate  the  pnnciples  of  gas  analysis  in  the  most  direct  manner. 


Pigun  OS 


In  the  mampulation  of  this  apparatus  the  burette  is  attached  to  the  Dioette 
by  means  of  capiniary  tube  i'  and  rubber  tube  R'.  Fig.  9«.    In  order  to  avoid 

^«^.T"fK  "'  '^"^'*!  "*'"  ««"«^«°«'  the  rubber  tube  is  filled  with  water 
r^  «  the  insertion  of  the  tube  ('.  The  latter  tube  has  an  internal  di«net« 
of  uba^t  .5  miUimeter  only,  and  on  allowing  the  water  in  the  rubber'to  e,^  toe 
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tube  <*  also  becomes  completely  filled  with  water.  The  rubber  tube  of  the  pipette 
is  then  squeezed  between  the  thumb  and  first  finger  of  the  right  hand,  and  whilst 
thus  compressed  free  from  air,  the  capilliary  tube  is  inserted  in  it. 

The  pressure  tube  t  of  the  burette  is  then  raised  and  the  pinch  cock  opened; 
which  causes  gas  to  pass  into  the  absorption  pipette.  It  occasionally  happens 
that  a  small  amount  of  air  is  admitted  when  the  tube  t*  is  inserted  in  its  position, 
but  this  should  always  be  separated  from  the  gas  in  the  measuring  tube  of  the 
burette  by  careful  manipulation.  If  the  amount  is  not  more  than  10  milli- 
meters,  it  may  be  disregarded  in  practical  determinations,  as  the  error  is  equiva- 
lent to  about  .03  cubic  centimeter  only.     If  however,  the  air  is  present  in  larger 


Fipire  96 

quantities,  the  gas  should  V  brought  back  to  the  burette  by  lowering  tube  t, 
and  the  tube  f  re-connected.  When  a  satisfactory  condition  has  been  estab- 
lished, and  the  gas  is  passed  over  into  the  pipette,  a  small  amount  of  water  is 
allowed  to  follow  it  to  clean  the  capillary  tube  of  the  absorbent  liquid  vriiich  it 
previously  contained.  The  gas  is  now  enclosed  between  the  absorbent  in  the 
bulb  of  the  pipette  and  the  water  in  the  capilliary  tube,  and  the  pinch  cock  should 
be  dosed  and  burette  disconnected.  The  pipette  is  then  shaken  to  neutralize 
the  gases  under  analysis. 
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rasM  hoov  ♦„  ♦«.  wmc  lUDc  piacea  on  the  floor  to  bnng  the  remaining 

coUect«i  ma  burette  containing  water  which  has  previously  been  saturated  t^/h 
O.  by  leading  a  stream  through  it  in  a  suitable  vessel.  xLe  abso^S^^ 
hond.ox.de  .s  caustic  potash ;  and  a  suitable  solution  may^  mte  b^^J^v^' 

to  the  ^Tand^thTS'pS^:^:^  ''^"^T^t  f  ."'T"  "^  ^'"  ^'"^^^ 
Uon,    Th.  a,»,u,„i  of  „,„^ ,,  „„,„y  ,„  „„  „^^  ^,  ,05  lo  I  p,^  c^, 

m.ne  vapor.     The  percentage  of  olefir.?s  may  be  from  3.00  to  5.00. 
CARBON  MONOXIDE:   The  ten  for  CO  i«  th-n  m»^    u 
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HYDROGEN:  The  •vmaining  gases  are  hydrogen,  methane  and  niuogen, 
of  which  it  is  necessary  .  Snd  the  first  two  by  analysis  and  the  nitrogen  by 
difference.  The  determination  of  these  gases  is  slightly  different  from  the  pre- 
vious examples,  and  necessitates  the  use  of  modified  apparatus.  In  the  hydrogen 
test  a  tube  t*.  Fig.  97,  is  placed  between  the  gas  burette  and  absorption  pipette 
for  the  reception  of  a  palladium  sponge,  which  serves  to  occlude  hydrogen. 
The  said  tube  is  about  4  millimeters  internal  diameter  and  20  centimeters  long. 

The  burette  and  pipette  are  joined  to  the  palladium  tube  through  the  cap- 
iUiary  tubes  C*  and  C»,  and  the  pipette  is  filled  with  water  to  W  so  that  it  may  be 
employed  to  repeatedly  pass  through  the  palladium.  In  making  the  analysis, 
the  gas  in  the  burette  is  first  mixed  with  an  excess  of  air,  and  after  the  apparatus 
is  connected  together  the  beaker  containing  the  palladium  tube  is  filled  with 
water  at  or  near  the  boiling  point.  The  cock  K  is  then  opened  and  the  gas  driven 
through  the  palladium  three  or  four  times.  The  hot  water  is  then  replaced  with 
water  at  normal  temperature  and  the  gas  again  passed  through  the  palladium  to 
thoroughly  cool  it,  and  finally,  the  pressure  tube  of  the  burette  is  held  so  that  the 
water  in  the  pipette  stands  at  W.  The  gas  is  then  measured;  the  difference  be- 
tween the  two  measurements  obtained;  and  the  volume  of  hydrogen  computed 
therefrom.    This  is  usually  from  45  to  55  per  cent. 


«! 
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Figure  97 


Figure  98 


METHANE:  The  residual  gases  now  consist  of  methane  and  nitrogen, 
and  sufficient  air  is  added  to  enable  complete  combustion  of  the  methane.  In 
the  analysis  of  this  gas  it  is  necessary  to  use  a  special  form  of  apparatus,  known  as 
an  e  plosion  pipette,  which  differs  from  the  simple  pipette  in  that  it  contains 
two  platinum  wires  fused  in  the  upper  part  of  the  bulb  b",  Fig.  98,  and  is  provided 
with  a  cock  K'  to  close  connection  between  the  two  bulbs  during  explosion.  In 
this  case  the  bulb^  are  charged  with  mercury  instead  of  water,  which  is  driven 
over  into  the  captliary  tube  to  a  fixed  mark  by  blowing  through  the  rubber  tube 
of  the  upper  bulb.  After  the  gas  in  the  biu-ette  has  been  acciu-ately  measiu-ed, 
and  the  apparatus  connected,  the  gas  is  transferred  to  the  pipette,  and  the  water 
from  the  burette  made  to  follow  it  so  that  it  just  fills  the  capilliary  tube  without 
enteriuK  the  bulb.  The  cock  K'  is  then  closed  and  the  gas  lighted  by  a  spark 
from  an  induction  coil,  after  which  the  cock  is  opened  and  the  products  of  com- 
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bustion  transferred  to  the  burette  and  measured.    The  explosion  pipette  ia 
S^iTCSTt^"'  Z"^  '/  "  '*"""*  ""^^"^  Pipette?<^Su?Stic 

CO  S^Jl^"*  °'  ™.**"""  *^*^""''  P"*"*  '"  *»>•=  «*«ture  is  equal  to  Tolume 
CO,  absorbed  as  seen  from  the  equation:    CH4+2O,-C0.+2H^ 

hvd^f^^'"^''  °^  ^"'-  "^'^^  ""'^  ^  '"^  36  to  40.  is  Iddod  to  those  of  the 
hydrogen,  carbou  monox.de.  olefines.  oxygen  and  carbon  dioxide  and  the  Jffer! 

fnrfJTJ''?  *^^^^'    "^  '"^"'"^  '"^y^^  °f  «**'°°«>y  «•  flue  gases  is  necessary 

orm.     This  .s  best  obtained  by  a  portable  apparatus,  which  can  be  operaW^ 
for  a  practically  complete  analysis  at  one  time.     One  of  the  b^t  and  sSS 

Sl^.t'^''":  ^''^''^  "  "-^  ^"'^-  -  --  modilicatirth^o.    S 
^trument  .s  contained  .n  a  wooden  case  with  removable  back  and  front  to 

^  ^^dtlT"^.    "  T'^  **'  "  *"'"  '■  ^'«  »«•  KraduatedTo  iSi  C  C 
St  Zr±?  •'f  ;,^''»^  J*<=''«t  ^«^  the  maintenance  of  constant  temperature 
iS^t^  ^r       ^'^.'^«*«»^°»  »"»'«  »  sub-divided  into  one-fifths  Tc.  for 
SSf  X^/;         "  T'^'"'  *°  *  ''°**''  ^  fi"^'^  »°  »»-"*  t-o-thirds  with 
Scoc??.  *"  ""^  ''^^"'"^  •^"'^'  '"''  '^  ™"^«"«»  by  means  of  a 

The  upper  capiUiary  end  of  tube  t  is  connected  by  thick-walled  tubine  to 

Zl  Itoplct  TfT^  T  ''  '"•'=-  ''  '-'''''^  "^  ^  threett  c^;V° 
WW  stop-cocks  S^S.S  ,S'.  connecting  to  absorption  pipettes  A    A'  A"  A* 

n»pectively.      The  three-way  cock  is  adapted  to  connL  the  gi  supply  tofh^ 

piStil  uTL"  '°  r.^'r  """'^  ""'^^  atmospheric'prei'^^.  ^e 
pipette  are  U-shaped  vessels,  the  front  limbs  of  which  are  filled  with  glass  tubes 
«.apted  to  expose  a  large  surface  of  the  absorbent  when  the  gas  T^£Zi 

These  vessels  are  filled  with  an  absorbent  suitable  for  the  gases  to  be  analvzed 

pot^h  solution  for  the  determination  of  carbon  dioxide  CO,;  A'  with  pjJoSe 

WeTof «  I"  ""'"'  ^/^n"  ^ "  "**'*  ^"  ammoniacal  solution  of  cup^^'hlo 
rfe  for  carfton  ««nox«fe  CO.  The  pipette  used  for  the  absorption  of  oxygen  must 
b^^protected  from  the  oxygen  of  the  atmosphere,  and  this  i  done  by  .SinccTng 
the  o^n  hmb  of  the  pipette  ^ '  to  a  botOe  B'.  into  which  the  conLSLg  tS 
IS  sealed  in  water.  In  flue-gas  analysis  the  fourth  pipette  A*  is  To  filled  ^S 
oiprous  chloride  as  a  check  on  the  third  for  determrnSion  of  CO  and  bothle 
th  rd  and  fourth  are  filled  with  copper  wire  spirals  instead  of  glak  tubes  to  ^! 

oZKrofti  '  f'"".    '"  ^^  '"''^''''  *"^  -^  '^  ---^y  t"tv  "the 
open  limbs  of  these  two  vessels  protected  from  the  atmosphere,  as  in  the  case  of  A' 

In  the  manipulation  of  the  apparatus  the  levelling  bottle  B  is  placed  on  ton 
of  the  case  and  the  three-way  cock  C  opened  to  the  atmosphe  e  wS  ZZ 
tJe  c^^?,         .  'k1*°  ^  ^"^'^  ^'"^  "^*"-     ^"^  fl°-  i^  stopped  aram^k^ 

^r   from    Z,       %  "  l^'  ""l'  '^'"^  ^      "^^  ^^  ^"PP'^  '^  ^^-  counecXnd 
hulh  „r  ;°"ducting  tube  drawn   out    by    connecting    an    india-n^b^ 

bu  b  or  pump  to  the  atmospheric  connection  of  the  three-wfy  cock.     1?.^^.^ 
C  »  then  moved  to  put  the  gas  in  line  with  the  burette  /and  the  leveSSg 
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lowered  bottle,  which  draws  in  the  gas.  The  water  in  the  burette 
is  allowed  to  fall  to  slightly  below  the  zero  mailc,  after  which  the 
gas  is  cut  oS  by  the  cock  C.  The  gas  in  the  burette  is  then  com- 
pressed by  raising  the  levelling  bottle  until  the  water  rises  to  above  the  zero  mark, 
after  which  the  pinch  cock  is  closed  and  the  bottle  again  lowered.  The  level  in 
the  burette  is  then  brought  to  exactly  zero  by  careful  operation  of  the  pinch  cock. 
The  three-way  cock  is  then  opened  for  an  instant  to  bring  the  100  C.  C.  of  gas  ia 
the  burette  to  atmospheric  pressure.    The  gas  is  then  driven  into  the  first  absorp- 


Figure  99 

tion  pipette  A  for  the  determination  of  COt,  by  raising  and  lowering  the  levelling 
bottle  a  few  times.  After  the  first  test,  the  level  of  the  liquid  in  the  vessel  is 
adjusted  to  the  correct  height  and  the  stop-cock  5  closed.  The  reading  of  the 
burette  is  then  made  by  raising  the  levelling  bottle  until  the  contents  are  the 
same  level  as  the  water  in  the  burette.  The  decrease  in  the  volume  of  gas  in 
the  burette  gives  the  percentage  of  COt.  The  second  test  for  Ot  is  similar  to  the 
former,  and  the  third  for  CO  is  also  similar,  with  the  exception  that  after  passing 
through  the  cuprous  chloride  the  gas  is  again  passed  through  the  COi  pipette 
before  measuring. 
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Chapter  Ten  _ 

^^^  «P  THB  FUTURE 

hasresuhed  from  the  slow  deS^r^'ti^T       """  «^»^«««  matter,  which 

or  the  ov.Hyi„g  strata  iuri^l^t^^'^  ^'^  ''"Tf  '^'^'^  '"'  '^e  pressure 
resulting  from  these  conditS  Tc^i  "'dTt  1^  "^^  '"°""  P''^-*" 
fuels  are  developed.  *"'*  "**"'**  «««••  ^om   which  other 

behol':rfor»il?tX'Sir%°"'^"^^'^''  '-•»  -'^^''•"^  -"er.  it 
what  extent  this  ^fter  1  ^^^ZJT  ""J'TT''-  '^'^  «-'"*-  '«> 
"ibsunce  for  indu«rial  u*.  ^^^it^'^'V"""'  «>«>b„stible 
•ther  less  concentrated  fuels,  Sy  are^iefl  ?  TJ^'""  '°  "'^'*"^'  P^**'  "' 
««w/«/^.,  or  domestic  garbage  of  ihTcl  t  '!!".''"'  *°  *^  '*''='«•«  '» 

daily.  '    *"*''  °^  **"^*'  «^^^y  individual  contributes  a  portion 

The  use  of  domestic  garbaee  as  a  <!™.r,     „f  - 
of  artificial  fuel  is  a  subjS  wSk^is  Ittracth  "'•'»^«="=»»^"'-"-««nanufacture 

time.  This  matter  has  previously  LTT-T  7f  ''''"'*'"  "**  '"'"'  P^^*^-* 
burned  in  a  private  incinerator  a  fa^^tll^n"  "'•*  '°="'  •^^"*^"'='-'  "^ 
and  leads  us  to  believe  that  bv  rem„^        .    '""strue.,  ,ts  combustible  nature, 

be  consolidated  into  a  caJLS^subsJaTce  whtl""^"  ^'T ""'^-  ^'^^-  -"^"^  - 
whilst  by  fermentation  it  can  be  i  to  vWd^J",^,^r"  '"  *"  "P^"  f'*"^; 
•cale.  The  manufacture  of  ZZurlUZT  ?  '^""""  '^  *  commercial 
but  for  ^neral  industrial  use^rLro"  r^l^T  7'  T"  ^"^  '^""^^  '^**' 
^  the  fuel  cannot  be  -uiacturr t^r ro:;at  1^^^^^^^^^^^^ 

foods^?"iti;tn^ltr":ri°'  °'S"^  ''""•°'  '-™  ^«  --onest 
with  slight  modiLuoLSetreatmtt  of  ?""''  ""^  ''"""^"'''^  ^°  •«»»«  '°«»^ 
methods,  would  also  have  ti  eS "f   eri  .' *'''''^''' "'=~'*°'^  *•»  ">«« 

previous  to  consolidation  of  ttSr:;rZ^.„trtS^^^^^^^^^  ^°'""^  ^^^^ 

ref^elLTa'sties^o^^Cic^XLTol^^^^  ^^  •=°'"--'='^'  -"^^  »- 
position  of  hydrocarbon,  in^SZn^or  trl  llt'Z  ''™'='""  '^^'°«  *  «"»- 
by  a  corresponding  number  of  hydrox'lZups  "^      '"* ''"""  "*=  '^'"'^^ 

The  most  common  compound  of  the  alrnh^i; ,       • 

j^*.«  o,  woo.,  o,  „  .«,«^«;t:ir:L-i;;rSarp^j 
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A  fifth  compound  which  is  of  importance  is  pentyl  alcohol  CiHu.OH,  and  is 
obtained  from  the  fcrmenUtion  of  poUtoes.    Its  boiling  point  is  278*P. 

In  addition  to  the  above  there  are  several  other  cobipounds  of  the  alodiolic 
series  in  which  the  percentage  of  carbon  increases  gradually,  and  the  boiling  pcrint 
becomes  hi^er  accordingly,  and  consequently  are  of  less  value  as  a  liquid  fuel. 

In  this  work  the  reference  is  intended  to  be  applied  to  the  use  of  domestic 
garbage  or  waste  foods,  and,  as  it  would  be  impractical  to  give  the  chemical 
composition  and  alcoholic  reaction  of  every  food  used  in  the  necessities  of  life, 
the  notes  will  refer  to  the  most  common,  which  may  be  stated  as  potatoes,  beets, 
sugar,  wheat,  com,  rice,  and  other  cereals. 

ALCOHOLIC  FERMENTATION:  The  term  fermentation  is  applied  to 
the  spontaneous  change  undergone  under  certain  conditions  by  an  animal  or 
vegetab.e  under  the  influence  of  ferments,  by  which  other  compounds  not  origin- 
ally present  are  found  in  the  substance.  The  real  reaction  which  produces  fer- 
mentation is  a  subject  of  much  investigation,  and  is  yet  shrouded  in  obscurity. 
It  has  boen  claimed  that  the  action  of  ferments  is  due  to  the  life  and  growtii  of 
minute  cells  of  which  they  are  composed.  The  germs  of  various  foments  exist 
in  the  air,  and  whenever  they  fiud  favorable  conditions  they  develop  and  produce 
their  characteristics  effects.  For  instance,  when  a  plant  juice  containing  sugar 
is  left  exposed  to  the  air  it  slowly  undergoes  a  certain  change  and  loses  its  natural 
sweet  taste.  This  change  may  be  ronsidered  to  consist  of  breaking  up  the  sugar 
and  liberating  carbon  dioxide  according  to  the  equation: 

C,H,,0,     -        2C,H^OH         +        2  CO, 
Sugar  Ethyl  Alccrfiol        Carbon  Dioxide. 

This  reaction  is  known  as  alcoholic  fermentation,  and  can  be  caused  to  take 
place  under  proper  conditions,  but  if  the  conditions  are  not  conducted  carefully, 
other  fermentation  onsues,  resulting  in  the  formation  of  acetic,  lactic  and  butyric 
adds.  The  micro-wganisms  which  constitute  the  ferments  are  of  different  kinds, 
and  canae  different  kinds  of  fermenUtiun  with  different  products,  and  it  is  gener- 
ally recognized  that  in  order  to  develop  the  fermentation  there  must  be  present 
some  compound  which  contains  nitrogen.  This  element  is  present  in  all  fruits 
and  vegeUble  matter  and  consequently  they  readily  undergo  fermentation. 

In  this  work  the  alcohol  is  the  only  liquid  in  which  we  are  interested,  and 
alctdiolic  fermentation  only  will  be  discussed.  lu  order  to  produce  this  it  is 
necessary  to  employ  five  agents,  acting  in  different  directions,  and  in  the  absence 
of  any  one  the  fermenUtion  cannot  take  place  The  agents  referreu  to  are 
sugar,  water,  a  ferment,  heat  and  air. 

The  tutar  is  present  in  various  kinds  of  fruit  and  organic  matter,  and  may  be 
divided  into  glucose  and  rtonasaccharides,  having  the  general  formula  Cn(  H/)) ; 
and  disaccharides.  having  the  general  formu' .  Cn(  //,0)n— 1.  The  sugars  of  the 
second  class  is  cane  sugar,  and  those  of  th(>  first  class  are  grape  sugar,  and  the 
former  can  be  resolved  into  the  latter  by  hydrolysis.  Before  fermentation  of 
sugar  can  take  place,  it  is  necessary  to  convert  it  into  glucose  by  combining 
with  two  equivalents  of  water,  after  which  the  ccnversion  readily  takes  place. 
The  best  proportion  of  sugar  in  an  unfermented  liq  lor  is  abou*  12  pa-  cent. 
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The  proportion  of  water  employed  in  dissolvinK  the  irliioMi.  ««r^« 

teto  ^/Zr^.u    *^^  »"•«**«*  undergoing  decomposition,  and  when  brought 
toto««Urt  with  sugar,  the  atomic  motion  is  communicated  to  the  atZ  of 

t^^i£Z:.Z^^7Slo^  ""^  ^^  "-^  '^  "^^^  ""=  -"  ^^  -^ 

uiTiucs  ixseii  uetween  the  hydrogen  and  oxygen  n  such  a  manner  that  twn  «.- 
«mpounds-a,cohol  and  carbon  dioxide  are  formed.     The  elemlS^^f  ^e  "L 
ment  take  no  part  in  the  formation  of  these  products,  and  act  only  aTa  stimulint" 

innay  h«e  be  empha«ed  that  it  is  the  fermentation  Lt  prod^  S^SS 
«^after  fermentation,  the  hitherto  diluted  solution  of  sugJr  is  noTa^luU^n  of 
alcohol  and  water,  from  which  Uie  alcohol  is  recovered  by^stilLtio^     Selr 

.  frothy  solution  formed  during  the  fermentation  of  worts  of  beer. 

the  sIJLT!"^*"  "'  ?*?  "^  '"*'^  ^"  "P'**  fermentation  U  five  parts  of 

Ssrvirr  "^^  'r  -^  ""^"^  *" «"  '""^^  •^^^  '^°-*"«  longer  s«r 

iJi  ^ITT  >     '^  ^  """"^  *"  '"^'  "•'  "^t^t  power  of  conversfon  7Zl 
«oo  m  a  less  extent  when  the  sugar  is  in  a  state  of  incipient  decomposition. 

ihtl^^jHr^^''^  "  •"  ™P****"'  '«»«  *"  hasteniu..  or  checking 
the  p««ss.  and  the  lowest  temperature  at  which  the  action  is  sustained  iVS? 

L^Z^r^r^'yTf  "^"^  "  *^"  ^^•"'--tureincreases  uplo  .^t 
»  F..  after  whK*  a  higher  temperature  U  Uable  to  excitr  acid  fermentation. 

-l.i.J*!  ^*^  "'  "•'  "  indispensable  at  the  beginning  of  fermentation    after 

It  IS  ««entially  an  imtial  force,  but  when  once  the  impulse  has  been  given  it  is 

Iliitr'acSSSltar "^'^  •^  '-'^'^  -  ^-'""^  -  P-"^  '^^^-o 

to  cdL^venlh""'  ''™^"*««?".fr°"'  th'  'fore^ud  agents,  the  imtial  object  i. 

LrTT     ,,  *"  *  '^"^  '"*"  «'""*••  ««'  'hen  convert  the  glucosTTnto 

^^t:^^  T'"'      "'"^*'»°''°  ">»*»»  necessary  that Tl^tS 

«^,h     .''^V'    ^'*''"'"*°''''*'''''*^'««»«»*»*«»'^byn,eansor.S^ 
or  other  disintegrating  apparatus,  whereby  the  starch  or  sugar  can  te^l* 

Se'iirrhe^'icrTjir  ^^-'"  '"^"  •  --*"-  --^  *'  -  ^-i- 

th  JlZ'l5l'*i'*  ^^''^  *"'  '^^'"^  ^  *"*  "^'"^  °f  «"'«'"«f  changes  similar  to 

i?^de  r*  !?    i!l    Tl*'-  '"•*  "  '  ""^^"«  P'«*"'  '"  «"■"♦ :  the  latter  of  which 
i.  made  by  steeping  barley  in  water  until  it  germinates.  a,«l  then  dried  off 

.nd  ^  ''!TZ^r3^'  "^U 'm  "'*""  '"'""""^  ™"*^'^  "'  temperature, 
tnu  temperature  the  *«,/„«  convert,  the  starch  of  the  maiOi  into  sugar.     If 
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the  temp-rature  is  raised  beyond  1S0°F.  the  action  is  decreased,  and  the  best 
praci.ce  is  to  rapidly  raise  the  temperature  to  about  130T.  and  then  very  gradu- 
aUy  to  140*F. 

The  action  of  the  diastase  produces  saccharification,  at  a  series  of  compounds 
known  as  saccharates,  which  renders  the  mash  capable  of  being  acted  upon  by 
the  fmnent.  The  saccharification  takes  place  at  about  122''P.,  and  as  the  cor- 
rect fermentation  temperature  lies  between  60"  to  SO'P.,  the  mash  must  neces- 
sarily be  treated  to  effect  a  rapid  cotoling.  The  lowering  of  temperature  may  be 
done  in  various  ways  by  the  circulation  of  a  cooling  fluid,  and  will  not  be  discussed. 


■  i  I 


Figura  too 


The  ferment  used  in  alcoholic  fermentation  is  yeast,  and  it  is  essential  that 
this  substance  be  studied  somewhat  in  order  to  understand  its  action  more  clearly. 
It  may  be  said  that  yeast  is  composed  of  a  mass  of  celU  or  corpuscle!),  having  a 
diameter  of  .01  millimeter,  and  are  arranged  m  clusters,  as  shown  in  Pig.  100. 
Their  walls  are  an  elastic  membrane  and  their  contents  appear  liquid  or  granular, 
when  viewed  thrcugb  a  microscope.     They  contain  cellulose  albuminoid  matter. 

in 
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about  12  hours.  ^"'  ^'°^  "'  fermentation  continues  for 

ormation  of  CO,  and  a  lowering  of  the  temperature  to  about  77"? 

^.  Of  «a.  ^  i^r  zr :::--  z;:^:ts:^  - 

vat.  but  not  .mcient  to  interfere  .S,  ^^ ::!::: X::!^^:^::^^ 

sn,a,;^;^L':i^.^.^SS:l,t^'-""    --  *^  ''^'''''  - 
Pwcentaw.     This  has  the  effect  „f    .       ,  '"*''  ""''  ^^""^^^ '"""  'he 

Which  results  i^L^^"e?;i:,dtfaLt^     T!?"  '^"''"' "'  ••«"  ^-«- 

yicldofaicoho.per'j^undo^str:;:  ,,  «rud^^^^^^^^^  ■^'«-  'h^-"-' 

*.  is  on,,  po^ible  to  obtain  80  per  J '  oft^  ^^^rflirrnLT""" 

^;.;n.cpr_.to;i;;nSS-— SSrt^^ 
Of  vr^Jrsi:^---Sr'^^^S-;- 
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usually  made  with  a  greater  depth  than  width,  and  are  of  various  tlimnmma. 
according  to  the  nature  of  the  material  to  be  fermented  and  other  conditions. 
The  vats,  however,  are  made  more  or  less  similar  in  construction,  and  are  sli^tly 
conical  so  as  to  present  as  small  a  surface  as  possible  to  the  action  of  the  air. 
The  circular  vats  are  generally  recognized  to  be  more  suitable  than  square  ones, 
in  that  they  are  better  adapted  to  retain  the  heat  of  their  contents.  The  lid  of 
the  vat  should  be  securely  closed  during  operation,  and  a  portion  of  it  diould  be 
made  to  open  wihout  uncovering  the  remainder.  It  is  apparent  from  previous 
remarks  that  the  temperature  of  the  vats  is  a  very  impntant  factor  in  fermenta- 
tion, for  which  reason  it  is  essential  that  the  vats  should  be  supplied  with  means 
for  controlling  the  temperature  to  a  definite  degree.  This  is  advantageous 
effected  by  having  a  copper  coil  at  the  bottom  of  the  vat  connecting  to  a  steam 
and  cold  water  pipe,  so  that  it  can  be  used  for  either  heating  or  cooling.  The 
diameter  of  the  coil  varies  with  the  size  of  the  vat. 

It  occasionally  happens  that  iron  vats  are  used  having  a  jacketted  space 
around  them  into  which  a  heating  or  cooling  fluid  is  circulated.  The  iron,  how- 
ever, is  rapidly  worn  out  by  the  corrosive  action  of  the  contents,  and  it  is  recog- 
nized that  the  wooden  vats  are  the  most  economical. 

It  is  necessary  that  wooden  vats  be  frequently  cleaned  and  disinfected,  and 
it  is  common  practice  to  cover  the  interior  with  linseed  oil  or  varnish  after  each 
scrubbing  period.  It  is  also  necessary  to  provide  means  for  stirring  the  mash, 
and  these  range  from  simple  hand-operated  paddles  to  ingenious  mechanical 
devices. 

DISTILLATION:  The  constituents  of  liquor  possess  widely  different  de- 
grees of  volatility,  and  the  first  substance  which  distills  is  alcohol,  owing  to  its 
comparatively  low  boiling  point.  If  the  distiUation  is  carried  far  enough,  the 
water  is  the  second  fluid  to  come  over,  and  finally,  there  may  be  a  portion  of 
acetic  acid  and  oily  matter. 

The  object  of  distillation  in  this  case  is  to  separate  the  alccrfioi  from  the  other 
substances  as  completely  as  possible,  and  it  is,  therefore,  essential  that  the  temper- 
ature of  distillation  be  kept  down  as  low  its  it  is  possible  to  volatilize  the  alcohol. 
A  reference  to  the  following  table  will  clearly  show  that  the  temperature  of  distil- 
lation should  be  in  accordance  with  the  strength  of  the  liquor,  and  should  be  a 
little  below  the  boiling  point  of  water. 

TABLE  14. 
ALCOHOLIC    SOLUTION& 


Pmcntan  of  Alcohol 
in  BoJlTng  Liquid. 

Tempeimturt  of  Liquid 

PrrccnUgt  oT  Alcohol 

Drgnn  F. 

in  condenHd  vapor. 

ea  00 

171  00 

93  00 

90  in 

171  SO 

93  00 

HA  (10 

17J  00 

91  iW 

80  00 

172  70 

90  AO 

TS.OO 

173  80 

90  00 

70  00 

17S  00 

m  00 

MOO 

I7«  (W 

87  00 

80.00 

178  10 

man 

40.00 

ISO. 10 

•3.00 

ir4 
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Pfercentage  of  Alcohol 
in  Boiling  Liquid. 


Tcmperattin  of  Liquid 
Dcgices  P. 


35.00 

182.60 

H«> 

ISfi.OO 

222 

187. 10 

M.OO 

188. SO 

If- 22 

191.00 

ts.oe 

IM.OO 

tt.oo 

196.10 

10.00 

108. SO 

'• 

IS2 

200.60 

S-2 

203.00 

2-2 

208   10 

t.ai 

207.  SO 

^^^ 

l.flO 

200.90 

PercenUse  of  Alcohol 
in  coadensed  vapour. 


80.00 

78.00 

76.00 

71.00 

68.00 

66.00 

61.00 

SS  00 

1                 50  00 

42.00 

36  00 

28.00 

13.00 

It  wJl  be  seen  from  the  previous  table  that  by  the  distillation  of  an  alcoholic 
•otation.  the  pereentege  of  alcohol  in  the  condensate  relatively  increases  in  oro- 
portum  as  that  contained  in  the  original  liquor  diminishes,  from  which  it  is  ap- 
parent that  a  very  weak  liquor  can  be  strengthened  to  an  alcohol  pure  enough 
for  commercial  use  as  a  fuel  by  a  second  or  third  distillation  according  to  the 
original  rtrength.  Referring  to  the  table,  it  is  seen  that  a  one  per  cent,  liquor  will 
dwt.ll  mto  a  13  per  cent,  in  the  tirst  distillation,  and  a  second  distillation  will  in- 

l^i^Tii   ^  **"^-  "?""'  '°  "^^  ^  ^'  •*"*  •  ""'*  ^'"^y-  t*«  third  distil- 
tation  would  concentrate  it  to  a  90  per  cent,  alcohol.  It  must  be  clearly  understood 

H^n'        *      "^  ""  theoretical  values  of  the  vapours  immediately  after  the 
d»tm.tioncommences,  and   as   the   evolution   continues   the    vapors  propor- 

ii^Tt^S^L!^.  '  ?^J^?^  "•»«*  «"««^  over  at  U,e  boiling  point  wiU  contain 
about  40  per  cent,  alcohol  immediately  after  tiie  distillation  commences.  As  the 
al^ol  »  hberated  from  the  still,  the  liquor  proportionately  becomes  weaker 
SSnS^T*"'  must  yield  weaker  vapors.  It  is  apparent  that  by  stopping 
«rtJIat»n  at  a  pven  pomt  before  the  alcohol  in  the  liquor  has  become  completely 
^  ^^'  u"*'""'  '^  ^  considerably  stronger  than  if  the  process  h2 
bemowned  to  the  end.     It  is  evident  from  the  above  Uiat.  whilst  it  is  powible 

K  Tr!r  "*"'"  •"  **•*  ■'•=**'"  ^^  "^^"^  distillation,  it  is  impractical  to«rry 
the  distillation  to  a  point  at  which  the  condensed  vapors  become  too  weak  and 
impure.  ^^  ■"" 

DISTILLATION  APPARATUS:    The  essential  parts  of  all  distillation  ap- 

h!r-fc^.!?"v  .  ^"P°"  "?  «'v«  «ff-  «nd  »  condenser  by  which  the  vapors  are 
brought  bMk  to  a  Uquid  by  a  cooling  system. 

.nnlil!?;  "'"f"*/  ^  "'  **""*"  ''"^""*  ""^"'^  ""'*  """y  *^  heated  by  the  direct 
Whcation  of  a  furnace,  or  by  live  steam  applied  dir.>ct  or  indirect  by  mean,TI 
co^.     The  sinplest  form  of  distillation  apparatus  is  illustrated   in  FrToi    in 

P«,  or  other  metal  not  attacked  by  alcohol.  The  hot  vapors  paw  thmnTh^.. 
outiet  0  of  the  still,  and  through  a  coil  of  tinned  copper  ^  JToc^S  Z 
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bUed  vapor.  It  »  neceswry  that  the  water  be  kept  in  circulation,  and  the  ve- 
sel  .,  prov«led  with  an  inlet  at  the  bottom  i  and  an  overflow  /     Itfreq^ 

^"^Zr^  "^"^  *•*  '""^  '**"  is  made  in  two  part,  5  ani  5'.^SS^ 
^■,fl  ^  ***"•  •*"'  **» ""'»'«  the  stiU  to  be  more  easily  cleaned,  fa  Se^ 
JSi^tHSr"^''""-"^''""'^  '^  ■  -xtureofiou?^  J^m^ 


^fi 


fs 


4  i 

ifir 


Fitun  101 

-^  J^'  «»;«««"'^  "sed  in  this  apparatus  rapidly  cooU  the  vapors  from  the  stiU 
«dbnng.a.e  water  and  alcohol  down  together.  In  the  operation  of  distillation 
apparatus,  however,  the  vapors  are  generally  coUected  in  fractions,  which  nece.- 

f^Z^'f  T'!rT  *•'  "^^  """"'"^  '^'"«  •''P*  «'  »  «'«fi«it«  «»«««e-  For 
instance,  .f  Uie  distdlation  »  carried  to  the  boiling  point  of  water,  212'P.  «,d  the 

2tl  t^o^'^  \"T^  *°  "^*  "^"^  •  *^'  "^^^  P^  «rf  «»«  ^•te'  vapor 
wiU  be  condensed  whde  alcohol  which  boils  at  172«F.  paa«»  through  thecon- 

Jn^*  '!t'".  "  *"*^***  **'"™  '"^"'^  ""^  **«  '«*«'  *«  «  «">«<»  condenser 
Lti^T^  ?'  temperature^  Another  factor  of  importance  in  designing  distU- 
latiooapparatus  ..  the  fact  that  when  water  vapors  containing  a  smaH  quantity 
of  alcohol  are  brought  into  contact  with  an  alcoholic  liquid  of  lower  temperatui; 

vt^  Ln'r*'  'J:"*''  :"*  ^  •*"*'"">'  ~'"*"^-  ««  "«»  ^^e  ^Smn, 
vapors  wiU  be  proportionately  richer  than  previously.  The  condensed  watrr 
rimjuaeously  imparts  heat  to  the  liquid  interposed,  and  liberates  a  portiS^ 
alcohol  present  in  the  liquid,  so  that  the  uncondensed  vapors  are  still  further 
cnncaCu. 
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«..  ,^*  P""^P««/  compound  distillation  is  shown  in  Fig   102  in  which  S  » 
tto^  «iH  "*  °  *"»«-*«•««  head  on  the  interior  faces  of  which  the  e^u^ 

S^o^thlTT    ~""'f  *»  ^  <«  "•^her  in  alcohol  than  when  lea^  STsu"! 
face  of  the  liquid  .n  the  st.ll,  and  these  are  led  into  a  mash  heater  //.     The  hea^i 

!ff^?^.  /  i  .  ""^  """•'  '"'"*"  "  provided  with  a  stirring  device  d  to 
effect  a  uniform  distribution  of  heat,  and  a  pipe  p'  connects  the  heatL  to  t^e  stS 

M  thTZ  T  T  Vr"''/"  -'l«Pt««  to  admit  the  mash  to  the  h^S 
At  the  top  o  compartment  C"  a  pipe  p"  leads  to  a  condensing  coil  C«  loSS 

S,^  a.r  i, '  1.T  -rZ^"^  ^"^  "  '^'^•'''  '^'^  ^"'*'^''  «>ntinuaUon  *  throuS 
rJdrL  ;'*:;'*  .^'  °*'"'  *™  "P""'  '"»»  ^"  '"^^rted  jar  i  conUini^. 
hydrometer  or  indicating  the  strength  of  the  alcohol  by  iu  gravity  X^aJ 
.s  made  of  glass  and  frequently  it  has  a  black  or  colored  baclSoTnd  to^ri" 

In  the  operation  of  this  plant  the  mash  is  admitted  into  the  heater  until  the 

S^i'  T'  T'  tH'  '•'""r  ^"'""''  ''^  ""•  °-^  '"»"  *•»'  ^tilfir^gh  Se 
y^  'w^r       "^       k""^  *'''"  ''°*'*  ""'* "»  ^  "'"•^^  *»«*  "till  started     The 

coil  C ,  and  the  condensed  vapors  flow  into  compartment  C",  from  which  they 
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iow  to  the  still  through  pipe  p.  The  removal  of  more  condensable  n»ttcr 
tether  enrkAM  the  vapors,  and  thesecoUect  in  thehighest  part  of  the  compartment 
Cand  pass  through  the  pipe  ^'' to  the  coil  C«,  where  they  are  completely  con- 
oensed.  The  passing  of  hot  vapors  throu^  coU  C  simultaneously  heato  the 
mash  m  the  heater  H  and  liberates  a  portion  of  alcohol,  which  passes  into  the  coU 
through  the  bent  pipe  p*. 

^  j-^f  *•*"  *'*■**'  "'  '^^  described  are  intended  to  illustrate  the  prindidM 
of  distillation  apparatus  in  general,  and  there  are  many  modifications  embodying 
tbese  pnnaides.  However,  from  the  foregoing,  it  is  evident  that  by  the  employ, 
ment  of  methods  based  upon  these  principles,  it  is  practical  to  separate  alcohol 
from  water  and  concentrate  it  to  a  definite  standard  at  a  comparatively  small 
fuel  expenditure. 


»    f 
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RECTIFICATION:  The  product  of  the  distiUation  of  alcoholic  liquors  do 
not  usually  contain  sufficient  alcohol  to  justify  its  employment  for  direct  consum- 
sumption.  In  addition  to  this,  there  are  a  number  of  adds  which  exist  in  fer- 
mented liquors.  These  are  chiefly  acetic  and  lactic  adds,  and  frequentiy  there 
are  traces  of  tartaric  and  malic.    It  is  also  desirable  to  remove  a  series  of  com- 
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Wmd.  totmn  und^  the  general  tide  of  fusd  otis.  owing  to  their  di«,gr,e«ble 
Sf oJSr,  '!^J^*^"*  **  ■  temperature  much  higher  than  alcohS^S^ 
therefore  thelart  products  of  distillation,  which  res,ats  from  raising  the  ^Ip^ 


Fifwc  104 

Still  S  wS,  '^mJ  /^'kI  "?*"  f  '^^"'^"'^  '**"  » '""'^-  »»«» ««»«»»  o^  • 

ttSe  ;eSit     S,1.  V^/  I'^f  *^  "*  '**  *=''P""*'^  '^"^  ^•'^  «>«=«>»'olic  spirit 
LTSlTJ^S.      ?    ^  «»  comiected  with  a  condenser  C  and  cooler  C",  which 

^^Z^  »«d  the  contents  of  the  still  heated  by  steam,  which  is  introduced  vefy 
jradually  at  the  beg,mung.  When  the  vapors  of  the  heated  spirit  are  given  off 
they  pass  by  tubes  I  over  each  plate  p  in  the  column  C.  and  escape  thro^h  con! 

ta^rh^hetntiii  f  °  i''%«»''^-' C'.  ---  •'"ey  a.e  brouKhTdor^on  Z 
tact  with  the  lentils  L  and  return  m  a  liquid  stiite  through  pipe  p'  and  connection 

wier  „1h'  T  "*"'  u"""'^  ***"  *'~''°'  *°  ♦^  "«"«  '^«»«J«n-1  until  the 
w^er  m  ^e  condenser  .s  hot  enough  to  permit  the  lighter  alcoholic  vapors  to 
pass  into  the  cod  O  without  being  reduced  to  the  liq-  d  state.  When  thiHTk^ 
Pl«:e  the  vapors  pass  through  p"  into  the  cooler  C"  where  they  undergo^mpletl 
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f  » 


J^t^Z\^  "^  "'  temperature,  and  care  n.u«  be  taken  to^e^  t2 

S^LST  5rS^  ^H  '™'*.  '«.*°  •r"'*  «>y  «'  ""e  vapor,  to  pass  over  uncon- 
aensea,  or  Bow  from  the  cooler  m  a  hot  state. 

iMrJ^l^T  r^!^^  constituents  come  over  first,  and  the  spirit  contains  • 

^Z^t:^-  :M*'='"»«*1»««»'«J-'««J  vapors  graduaUy  become  rich« 
Md  purer  m  alcohol,  and  finally  the  essential  oils  come  over,  -n^e  most  im^ 
products  are  separated  from  the  remainder  and  re-distilled  with  the  next  ch^ 
Tte  proc««  must  necessarily  be  carried  out  very  gradually.  ^  Tl^^y 
takes  a  few  hours  before  alcohol  begins  to  flow  from  the  cooler  The  purest 
P^es  are  when  the  specific  gravity  is  about  .625  or  between  'jj'  •  ,  9fi-  Baume' 
The  operation  is  complete  when  the  gravity  rises  to  1.05  or  o  u.  4°  Baume'' 
SL  »^!!^r"*?'  ?J**"'  '"'.'''"  *''""  '^'  ^'^^'^y  '^^'^^  1  00  or  10-  Baume.  ai 

.terr;L^;ro;  the'TS"  ^  ^""'""^"^^'^  '^^  ~'  -'  "•-•  ^"^  ''•''^- 

time'^lS  tv"""*"  ''!^  ^^  '■'''"^'^'*'  '•"*=  '»PP^t"''  should  bt  cleaned  out  each 
Ume,  and  th,s  proceeds  by  opening  the  cock  K"  and  draining  off  the  water 
The  contents  of  th.  condenser  are  then  drained  off  in  a  similar  manner  by  oZw 

the  door  rf  of  the  stiU  head  is  removed.  The  water  in  cooler  C"  is  then  run  by 
«e««  of  a  pipe  into  the  sUll  so  as  to  partially  cover  the  steam  coil  in  ^eTauS^ 

s^f  toThe  IIt '""  '""''''  ''f  ^  ''"'"^  *'*^'**  "•^»^"^'»  »«>  ^'"•'S  the  water  in  the 
rtdl  to  the  boihng  point,  and  clean  the  apparatus  by  steam  vapors.  This  is 
conunued  from  15  to  30  minutes,  after  which  the  steam  is  cut  offTnd  the  stiH 
left  to  cool  down  gradually. 

The  capacity  of  rectifying  apparatus  has  a  direct  influence  on  both  the  qual- 
ty  and  quantity  of  alcohol  obtained,  and  invariably  a  small  unit  is  less  sSe 
than  a  large  one      For  this  reason  it  is  found  to  be  more  economical  to  employ 

oroJ^fn  "'  "i"!  Tu"'"'''  ''''  °^  ''''  ^P'"t  f™-  ='  ■""">>-  °f  "tills  ?be 
proportion  of  alcohol  obtained  from  a  liquor  depends  upou  the  nature  of  the 
spmt  under  rectification,  which  is.  in  turn,  influenced  by  the  nature  of  the  raw 
material  emp  oyed  and  methods  of  extracting  the  sugar.  The  averagctss  oT 
pure  alcohol  during  rectification  is  generally  about  5  per  cent. 

ALCOHOL  FROM  FOODS. 
POTATOES.   The  use  of  potatoes  as  .-i  source  of  alcohol  has  been  develoned 

Germany.     This  food  can  be  used  under  all  conditions,  but  they  are  the  most 

SfnT:  :.  ''~';'  "''"  '"^^  ""  "•'*"'  ^''^^  '^'^'  -«»  in'wa.;.  4TS 
When  they  germinate. 

tn  thi"  ^'  ^"T^  °'  °'~''**"^  ^traction  the  potatoes  are  washed  and  subjected 
to  the  action  of  steam  under  a  pressure  of  45  to  60  pounds  per  square  inch.   ^Ts 

stSL'i  '"'  *"?/^"-^  *»»-  «»»*-'»  thereof  to  a  pasty«,ndiUon.  whereThe 
st„c*  I.  more  readily  acted  upon  by  the  fermenl.     It  usually  requires  about  two 

^i  JwTf  '"^"^  "*'  '"'"**^  ""  ^*  P™P"  condition  after  which  th  v 
are  discharged  to  a  crushing  device  and  reduced  to  a  pulp. 
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•  .  ^aai^^  "  then  delivered  to  a  vat,  and  about  160  pounds  of  broken  malt 
TlSt^^^T  1.  r**^-    "^'"^  "  ^'"  """  •"  "^  •  temperature  of  ir- 

^'  ^r.T'",'*'  *^*''"*  '~*''  »  "^*>«* '«'"'  *»>«  temperature  reache.  140'F 
irtien  It  is  left  for  three  or  four  hours.  ' 

The  contents  are  then  built  up  to  about  700  ipUlons  per  ton  of  poutoes  by 
adding  «.ld  and  hot  water  alternately,  so  as  to  finaUy  bring  the  temperature  do  J. 

L?H  ZJ  :  !  *^^  '*  '^'^  '^**"''  *-'*  «""^''*»  "'  «^  t°  «  gallons  of 
liquid  brewers  yeast.  This  sets  up  the  fermentation,  which  progresses  very 
rapidly  and  on  completion  the  mash  is  distilled  for  the  recovery  of  alcohol  in 
modified  apparatus  particularly  adaptable  for  materials  of  a  pasty  nature. 

The  prcx:ess  described  refers  to  the  original  system  and  serves  to  illustrate 
the  principles.  In  modem  apparatus,  however,  the  steaming  and  crushing  are 
accomphshed  at  one   time  under  steam  pressure  comparatively  higher. 

The  process  of  crushing  and  saccharifying  potatoes  by  means  of  steam  is  com- 
paratively high  in  fuel  expenditure,  and  other  methods  are  adopted  which  isolate 
starch  without  steam,  and  produce  a  mash  of  thinner  consistency  which  can  be 
distilled  in  ordinary  apparatus. 

These  methods  require  two  operations  which  are  (1)  The  reduction  of  the 
solid  matter  to  a  pulp  by  mechanical  means;  (2)  The  separation  of  the  starch 
from  the  pulp.  The  mechanism  employed  for  tne  reduction  of  the  potatoes  is 
amphcable  to  other  foods  associated  with  garbage,  and  a  reference  thereto  is 

One  form  of  crushing  apparatus  consists  of  a  cylinder  having  a  diameter  of 
about  24  inches.  The  cylinder  is  formed  of  alternate  saw  blades,  which  are  keot 
apart  by  wooden  washers.  The  teeth  on  the  saws  are  set  at  an  angle  on  the 
cyhnder  so  that  they  do  not  slice  the  solid  matter,  but  tear  it  up  into  a  fine  pulp 
The  cyhnder  revolves  at  about  800  to  1,000  revolutions  per  minute  in  front  of  an 
mchned  table,  having  a  jig  whereby  the  matter  is  fed  downwards  agains-  the 
teeth  of  the  cylinder.  The  pulp  falls  into  a  receptacle  beneath,  and  is  placed  on 
a  sieve  while  the  pulp  is  rubbed  by  hand.  This  is  carried  on  until  the  water 
comes  through  clear,  which  indicates  that  all  the  starch  has  been  washed  out 
of  the  pulp,  when  the  process  is  stopped,  and  the  refuse  on  the  sieve  is  destroyed 
This  refuse  if  of  a  woody  nature  and  its  value  is  discussed  later  in  its  consolida- 
tion into  an  artificial  solid  fuel. 

The  vessel  in  which  the  starch  is  finally  discharged  consists  of  a  double 
bottomed  tub.  the  upper  one  of  which  is  perforated,  and  raised  above  the  solid 
lower  bottom  The  tub  has  a  capacity  of  about  530  gallons,  and  5  to  10  pounds 
of  chaff  IS  spread  over  the  perforated  bottom.  The  pulp  from  2,000  pounds  of 
potatoes  IS  then  run  in  and  allowed  to  drain  for  about  half  an  hour  through  a 
cock  located  between  the  two  bottoms.  The  pulp  is  then  stirred  while  250 
gallons  of  boiling  water  is  gradually  added,  which  converts  the  matter  into  a 
paste.  This  is  mashed  with  about  150  pounds  of  well  steeped  malt  and  the 
liquid  left  to  settle  for  three  or  four  hours,  during  which  time  the  starch  is  con- 
verted to  sugar,  and  the  liquid  is  known  as  sweet  mash.    It  is  then  drained  off 
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through  the  perforated  bottom  into  a  fermenting  tub,  and  the  leavings  in  the 
preparatory  tub  mixed  with  about  125  gaUons  of  boiUng  water  and  agitated. 
The  liquid  is  again  then  drained  off  and  the  sediment  sprinkled  with  cold  water, 
and  drained  into  the  fermenting  tub  until  the  volume  is  about  750  gaUons. 

This  process  has  been  used  in  English  distiUeries,  and  objections  have  been 
brought  against  it  in  that  the  alcohol  obtained  is  unpleasant  to  taste  and  smeU 
However,  in  this  case  the  alcohol  is  desired  as  a  fuel  for  industrial  purposes,  and 
these  objections,  therefore,  appear  to  be  no  disadvantage.  The  process  is  pro- 
ductive of  the  greatest  percentage  of  alcohol  from  potatoes,  and  it  is  possible  to 
obtain  120  to  130  gallons  of  alcohol  per  ton  of  p.>tatoes. 

BEETS:  The  beetroot  is  cultivated  and  used  throughout  Europe,  U.  S.  A., 
and  Canada.  These  occur  in  many  varieties,  but  the  most  important  from  an 
alcoholic  standpoint  possesses  the  following  characteristics:  (1)  The  pear-shaped 
with  smooth  skin;  (2)  The  white  with  firm  flesh;  (3)  Delicate  and  uniform  struc- 
ture, with  a  clean,  sweet  flavor  and  large  leaves;  (4)  Average  weight  between 
1.6  to  2.6  pounds.  The  specific  gravity  of  juice  from  beets  is  the  best  guide  of 
quality,  and  a  juice  rich  in  sugar  is  between  1.06  and  1.08.  The  roots  are  built 
up  internally  of  small  cells,  each  filled  with  a  juice  consisting  of  a  watery  solution 
of  different  bodies.  These  consist  of  phosphates,  malates,  oxalates,  chlorides  of 
potassium,  sodium,  and  calcium,  and  several  albuminoid  bodies  and  pectinoug 
compounds. 

The  composition  of  beets  is  approximately  86  per  cent,  water,  10  per  cent 
cane  sugar,  and  6  per  cent,  woody  fibre,  albumen,  and  other  compounds.  The 
greatest  part  of  the  sugar  in  ripe  beets  is  crystallizible,  and  when  rich  have  a 
compostiion  and  properties  similar  to  crystaUized  cane  sugar,  but  in  its  natural 
state  is  contaminated  with  the  aforesaid  salts,  and  has,  therefore,  not  the  sweet 
taste  of  cane  sugar. 

The  extraction  of  alcohol  from  beets  may  be  effected  in  different  ways. 

(1)  By  reducing  beets  to  a  pulp  in  a  rasping  machine. 

(2)  By  maceration  with  water  and  heat. 

(3)  By  direct  distillation  of  the  beets. 

In  the  first  two  methods  the  woody  fibre  of  the  plant  is  separated  from  the 
juice,  and,  as  the  fibre  is  of  value  in  the  manufacture  of  artificial  fuel,  these  pro- 
cesses only  will  be  referred  to.  The  beets  are  first  passed  through  a  rasping  ma- 
chine and  the  pulp  obtained  is  passed  through  a  roller  press.  Fig.  105. 

In  this  machine  the  pulp  is  forced  upwards  through  a  slide  valve  V  and  pas- 
sages p  under  high  pressure.  The  rollers  R  R  revolve  towards  and  nearly  in  con- 
tact with  each  other,  and  they  are  perforated  so  that  the  expressed  juice  may  run 
off  through  the  rolls.  These  perforations  are  conical  with  the  apex  of  the  cone 
in  the  rolls.  A  block  B,  located  below  the  rolls,  forms  diverging  passages  which 
extend  upwards  on  either  side  of  the  rolls,  and  down  wards  along  the  lower  faces 
01  the  rolls  to  the  point  where  they  contact.  This  causes  the  pulp  to  be  pressed 
with  great  force  between  the  rolls,  which  in  turn  causes  the  juice  to  be  forced 
through  the  perforations,  and  the  woody  fibre  to  pass  outwards  under  the  pres- 
sure bar  b'.  The  pressure  bar  is  regulated  by  set  screws,  and  guides  the  residue 
to  a  passage  />'  leading  to  a  vessel  not  shown.  The  rolls  move  at  about  7  or  8 
revolutions  per  minute,  but  the  capacity  of  the  machine  is  comparatively  great 
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and  is  capable  of  handling  from  40  to  80  tons  per  day.  The  residue  from  the  first 
pressing  Is  macerated  with  spent  liquor,  and  repressed  a  second  time,  after  which 
it  is  considered  of  no  value.  The  beet  juice  is  led  to  a  fermenting  tub  and  the 
cane  sugar  present  in  it  has  to  be  inverted  to  grape  sugar  by  adding  a  ferment 
before  it  will  yield  alcohol. 


Fipirc   1U5 

The  extraction  of  alcohol  from  beets  by  maceration  consists  of  slicing  up 
the  beets  with  a  root  cutter,  and  allowing  the  slices  to  macerate  in  a  series  of 
vats  at  definite  temperatures.  The  size  of  the  beets  is  somewhat  important, 
and  they  should  have  a  width  of  .4  inch  and  thickness  of  .04  inch.  The  sliced 
beets  are  covered  with  boiling  ■  vater  in  a  wood  vat  for  about  one  hour,  and  4  poimds 
of  sulphuric  add  added  to  the  water  for  one  ton  of  beets.  The  water  is  then 
drawn  off  into  a  second  vat  in  which  another  charge  of  beets  is  placed  and  al- 
lowed to  macerate  again  for  one  hour.  The  juice  is  again  run  into  a  third  vat, 
where  it  macerates  for  one  hour,  and  final'"  it  is  run  into  the  fermenting  tub. 
The  first  vat  is  re-filled  with  a  new  charge  of  beets  and  acidulated  boiling  water, 
and  the  juice  allowed  to  flow  to  the  second  and  third  vat  as  previously.  This  is 
repeated  a  third  time,  after  which  the  beets  in  the  second  and  third  vat  are  e;- 
hausted  also.  The  residue  is  then  removed  and  a  new  charge  put  in  and  the  juii.'e 
passed  to  the  first  vat  for  maceration  for  one  hour. 
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The  pnnaple  of  this  is  made  clear  by  reference  to  Fig.  106,  in  which  four 
r^"  "f/'"'P'°y*d'  ««<»  «  '""'^  as  a  diffusion  battery.    The  vessels  A.  B 

i^  !r^!r  *  ^T^  ^'"^^  *"**  *°P  *^'^^'''  '^*^'*°  '^'•i**  the  beets  are  placed. 
From  the  bottom  of  the  vessel  yl,  a  pipe  p  runs  to  the  top  of  vessel  D.  and  a  pipe 
p  runs  from  the  bottom  of  D  to  the  top  of  C.  and  so  on  through  ^e  batt^ 
A  pair  of  pipes  p  and  p'  are  connected  to  the  top  of  each  vessel  for  the  admission 
of  water  and  spent  hquor  or  wash.  respecUvely.  A  discharge  pipe  p*  leads  from 
each  vessel  to  the  collecting  vat  F.  ^    y  t^  f  »«™s  irom 
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Figure  106 

In  the  operation  of  these  vats  the  slices  of  beets  are  placed  between  the 
sieves  m  vessel  D  and  water  or  spent  wash  admitted  at  a  temperature  of  185«F 
■Hie  beets  are  here  allowed  to  macerate  for  45  minutes,  whilst  in  the  meantime 
the  vat  C  is  charged  with  beets.    When  the  time  of  maceration  in  vat  D  has 
elapsed,  the  cock  on  pipe  p'  between  D  and  C  is  opened,  and  spent  wash  or  hot 
water  is  admitted  into  vessel  D.  which  forces  the  juice  therefrom  into  vat  C 
l^Tien  the  vessels  D,  C  are  filled  with  liquid  the  flow  is  stopped,  and  the  fresh 
Uquid  heated  to  ISS-F..  and  again  allowed  to  macerate  for  46  minutes,  during 
which  time  the  vessel  B  is  filled  with  beets.     This  operation  is  repeated  unUl  all 
the  vessels  are  full,  and  when  the  maceration  period  has  elapsed  in  vessel  A,  the 
vessel  D  is  again  filled  with  liquid  and  the  beet  juice  drawn  from  A  into  the  fer- 
menting vat  V.     The  beets  in  D  are  now  exhausted,  and  the  fluid  in  the  vessel 
IS  drawn  off  and  woody  residue  removed.     The  vessel  D  is  again  filled  with  beets 
and  the  operaUon  repeated,  commencing  with  vessel  C.  and  proceeding  in  the 
order  of  C,  B.  A.  D.     These  successive  charges  and  discharges  continue  and  at 
the  end  of  each  period  the  first  vessel  is  moved  to  the  next ;  hence,  the  third  period 
proceeds  through  B,  A,  D.  C,  and  the  fourth  through  A,  D,  C.  B.  when  the  fifth 
re-commences  as  the  first  and  flows  through  D,  C,  B,  A. 
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Before  the  juice  is  fermented  it  is  brought  to  a  temperature  of  about  82''F. 
in  a  boiler,  and  run  into  the  fermenting  vat  with  a  small  quantity  of  sulphuric 
add.  The  amount  of  concentrated  acid  is  about  four  pounds  per  ton  of  beets, 
or  just  sufBcient  to  neutralize  the  alkaline  salts  and  leave  the  solution  slighUy 
add.  About  9  ounces  of  yeast  per  100  gallons  of  juice  is  then  added  to  produce 
fermenUtion  and  an  internal  temperature  of  BS'F.  is  carefully  maintained. 
The  fermentation  sets  in  very  rapidly  and  is  complete  in  4  to  6  hours. 


Figure  107 

MOLASSES:  The  term  mol-  — .s  is  applied  to  uncrystallized  syrup,  which 
constitutes  the  residue  in  the  manufacture  and  refining  of  sugar  used  for  domestic 
purposes.  It  is  a  dense,  viscious  liquid  which  '■ontains  about  50  per  cent,  sac- 
charates,  25  per  cent,  organic  matter,  and  about  10  per  cent,  inorganic  salts, 
which  are  chiefly  of  potash.  It  varies  in  color  from  a  light  yellow  to  a  very  dark 
brown,  according  to  its  o'igin,  and  has  a  gravity  of  about  .8235,  or  40*  Baume. 
The  lighter  varieties  are  Jie  richest  in  sugar,  but  are  not  so  widely  employed 
owing  to  the  fact  that  they  are  produced  only  from  cane  sugar,  which  is  grown  in 
tropical  regions.  The  beet  sugar  industries  make  considerable  of  the  darker 
varieties,  and  as  beets  can  be  grown  in  nearly  all  countries,  they  are  of  a  greater 
irce.  This  substance  is  rich  in  matter  favorable  to  fermentation,  and  when  it 
-.iluted  with  water  the  fermentation  sets  in.  The  molasses  usually  have  an 
alkaline  reaction,  for  which  reason  it  is  necessary  to  add  acid  after  dilution. 
This  is  effected  by  adding  about  four  pounds  of  sulphuric  acid  to  every  20  gallons 
of  molasses  diluted  with  eight  or  ten  volumes  of  water.  The  fermentation  is 
hastened  by  the  adding  of  brewers'  yeast  and  begins  in  eight  or  ten  hours  and 
lasts  from  60  upwards. 

The  process  of  fermenting  molasses  consists  of  first  mixing   the  molasses 
with  water  to  a  certain  dilution  in  a  vat  provided  with  a  stirring  mechanism. 
The  mechanism  employed  in  these  vats  is  of  varied  description,  but  alt  of  a  similar 
principle,  which  is  illustrated  in  Fig.  107.    In  this  design  the  vat  V  is  provided 
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with  a  shaft  S  located  in  the  centre  and  carrying  radial  mixing  blades  B.  The 
shaft  is  driven  through  bevel  gearing  G  and  C,  from  a  source  of  power  p.  The 
rotation  of  the  radial  blades  impart  a  circular  motion  to  the  molasses  and  water, 
and  the  projecting  arms  A  impede  up  or  break  up  the  rotary  current  and  cause 
thorough  mixing. 

The  composition  of  mr'Tsses  discharged  from  the  sugar  refineries  contains 
from  30  to  45  per  cent,  c  sugar,  and  this  needs  to  be  diluted  with  water  until 
tile  composition  is  about  16  or  18  per  cent.  After  tiie  mixture  is  thoroughly 
set  up,  one  gallon  of  concentrated  sulphuric  acid  is  added  to  1,000  gaUons  of 
wash,  to  neutralize  alkaline  salte  and  leave  the  solution  slightiy  add.  About 
10  pounds  of  sulphate  of  ammonia  is  then  added  to  give  food  to  the  yeast  and 
stimulate  fermentation. 

The  fermenting  temperature  of  molasses  wash  varies  somewhat  with  the 
concentration,  and  is  higher  as  the  concenb-ation  is  greater.  With  a  wash  of 
12»  Baume,  the  fermentation  begins  at  ITP.,  and  rises  as  fermentation  proceeds. 
It  should  be  kept,  however,  in  tiie  region  of  82''F.,  as  this  temperatm.  is  the  most 
productive  to  the  growtii  of  the  yeast,  and  it  is  frequentiy  necessary  to  pass  a 
current  of  cold  water  through  coiled  piping  to  obtain  this. 

WHEAT,  CORN,  RICE  and  oUier  CEREALS:  The  different  varieties  of 
cereals  constitute  probably  the  greatest  portion  of  foods,  and  tiierefore  constitute 
a  large  proportion  of  waste  foods  or  domestic  garbage.  These  cereals  have  been 
used  to  a  comparatively  great  extent  for  the  manufacture  of  so^alled  "Grain 
Alcohol,"  and  all  contain  an  abundance  of  starch,  which,  under  the  influence  of 
diastase,  is  converted  into  feimentable  sugar.  In  addition  to  tiie  aforesaid  cereals 
tiiere  are  many  other  materials  in  close  relation  which  contain  starch  in  varied 
proportions,  such  as  chestnuts,  miUets  horse  chestnuts,  and  otiier  substences 
of  this  series. 

The  composition  and  alcohol  obtainable  from  the  commonest  of  these  sub- 
stances is  seen  from  t'le  following  table: 


|1 


f! 


Sabttance 


Wheat 

Rye 

Bwlqr 

0«ti... 

Indian  Corn 
Rict 


Starch 


ns.ee 

65.85 
65.43 
60.59 
67.55 
89  15 


TABLE  15. 
ALCOHOL  IN  GRAIN 


Cluten 


Fat 


18  03 

2.  IS 

7.63 

13.50 

2  15 

12.00 

13.96 

2  76 

10.00 

14.39 

5..W 

9.25 

12.50 

8.80 

4.00 

7.06 

0.8U 

1.00 

Glucose 


Cellulose 


3  SO 
4.10 
4.75 
7,06 
5.90 
1.10 


Inorganic 
Salts 


Alcohol 
per  100  Ibi. 


7.69 
2.60 
3.10 
3.25 
1.25 
0  90 


20faUi. 
SOgalli. 
SOgaUi. 
20|aUi. 
60gaU>. 


3.50  caUi. 


The  first  operation  in  the  treatment  of  grain  is  to  grind  it  into  a  fine  flour, 
and  then  steep  it  in  a  vat  by  pouring  on  hot  and  cold  water  in  such  quantities 
that  after  ten  ffiln.ites  of  brewing  the  mixture  will  have  a  temperature  of  75°  to 
95''F.  This  should  cover  the  grain  to  a  depth  of  3  or  4  inches,  and  the  mixture 
is  now  agitated  for  about  ten  mirutes,  and  left  to  subside  for  half  an  hour.     It 
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is  then  stirred  again  and  the  mixture  left  to  steep  for  30  or  40  hours,  ;  ccording 
to  atmospheric  conditions  and  nature  of  water.  In  very  warm  weather  the 
water  should  be  changed  every  few  hours  to  prevent  premature  fermentation. 

When  the  grain  swells  and  gives  readily  between  the  fingers,  the  steeping  is 
sufiSciently  complete,  and  the  water  is  run  off.  It  is  then  mechanically  agitated 
or  ground  if  necessary  to  bring  it  to  a  condition  at  which  it  is  favorable  to  fermen- 
tation and  water  is  run  into  the  mash  tub  in  the  proportion  of  about  7.5  pints 
per  1,000  pounds  of  grain.  The  temperature  of  the  mash  should  now  be  in  the 
region  of  95°  to  100°F.,  and  to  this  it  is  necessary  to  gradually  add  boiling  water 
until  the  temperature  is  between  145°  to  165°F.  The  vat  is  then  covered  and 
left  to  stand  for  one  hour  to  produce  saccharification.  This  is  manifested  from 
the  change  from  a  white,  mealy  color  to  a  dark  brown;  and  also  that  it  becoi.:es 
thinner  and  more  easily  stirred  and  possesses  a  sweet  taste. 

It  usually  requires  three  mashings  to  extract  all  the  saccharine  matter  from 
grain,  and  it  is  customary  to  boil  down  the  liquor  from  the  three  mashings  until 
they  have  a  specific  gravity  of  about  1.05.  The  liqvor  from  a  fourth  mashing 
is  used  to  bring  down  the  whole  to  the  correct  temperature  of  fermentation. 

MALTING:  The  greater  portion  of  foods  of  a  starchy  nature  possess  matter 
which  will  cause  them  to  germinate  under  proper  conditions  without  the  employ- 
ment of  artificial  means.  In  practice,  however,  it  has  been  repeatedly  proven 
that  they  are  saccharified  more  readily,  and  give  a  greater  yield  of  alcohol,  if 
they  are  mashed  with  a  certain  proportion  of  malt. 

It  should  be  stated  that  malt  is  made  by  steeping  barley  until  it  germinates, 
and  at  a  certain  stage  interrupting  its  growth.  This  increases  the  diastase  in 
the  barley  and  the  diastase  is  able  to  transform  starch  into  a  soluble  form,  and 
give  lightness  and  liquidity  to  a  wash  containing  it. 

The  best  barley  for  malting  is  that  which  possesses  the  following  qualities: 
(1)  a  thin  sldn;  (2)  a  mealy  interior;  (3)  of  uniform  structiu-e;  (4)  of  greatest 
weight.  In  addition  to  these  it  should  be  stored  for  at  least  three  months  be- 
fore using.  The  barley  has  very  slight  germinating  power  when  it  is  newly  cut, 
but  this  is  increased  as  it  is  stored.  The  necessity  of  uniform  structure  and  weight 
lies  in  the  necessity  of  uniform  steeping,  so  that  the  period  of  germinating;  is  the 
same  for  the  whole  body.  In  order  to  obtain  a  barley  of  uniform  size  ,  it  is 
generally  placed  in  a  tumbling  box  of  wire  mesh,  which  eliminates  the  smaller 
grades  along  with  the  dust,  seeds  or  other  impurities. 

In  treating  barley  for  malting  it  is  first  thorougi  !  washed,  which  may  be 
eccomplished  by  forcing  compressed  air  into  the  tut  This  violently  agitates 
and  swirls  the  water  therein,  and  washes  away  the  impurities.  The  barley  is 
then  steeped  in  a  tub  of  metal  or  cement  in  preference  to  wood,  where  cleanliness 
is  more  easily  obtained.  When  the  barley  is  placed  in  a  tub,  it  should  at  all  times 
be  covered  with  fresh  water  to  a  depth  of  3  or  4  inches,  and  for  the  first  few  hours 
the  contents  should  be  repeatedly  stirred  to  ensure  thorough  wetting.  The 
steeping  time  may  take  from  30  hours  to  100,  according  to  weather  conditions; 
the  colder  weather  being  co-incident  with  longer  periods;  whilst  in  very  hot 
weather  it  is  necessary  to  change  the  water  a  few  times  to  prevent  fermentation. 
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The  completion  of  steeping  is  indicated  by  it  being  entirely  crushed  when  rubbed 
between  the  hands.  When  the  barley  is  at  the  proper  condition,  the  tank  is 
opened  and  the  water  left  to  drain  off  thoroughly  for  about  12  hours. 

The  barley  is  now  discharged  to  the  malting  floor,  where  it  is  spread  out  on 
the  floor  to  a  depth  of  3  or  4  inches  to  dry  for  10  or  12  hours,  after  which  it  is 
placed  m  a  heap  until  it  is  warm  to  the  touch.  This  may  take  from  12  to  24 
hours.  It  is  then  again  spread  out  to  a  layer  of  from  8  to  20  inches,  according  to 
the  weather.  During  this  time  the  wet  couch,  as  it  is  now  referred  to,  heats  up 
and  after  26  to  30  hours  produces  at  the  end  of  each  grain  a  smaU  white  sprout' 
The  middle  of  the  layer  is  the  warmest,  and  therefore  sprouts  first,  which  neces- 
sitates  frequent  turning  of  the  heap  to  give  uniform  heat,  and  thereby  unifo.-m 
germination.  The  height  of  the  couch  is  now  lowered  to  layers  of  from  2  to  6 
inches,  according  to  weather  conditions,  as  previously. 

The  growth  of  barley  needs  both  air  and  moisture,  and  the  layer  is  made  less 
to  give  It  as  much  air  as  possible  and  simultaneously  allow  it  to  retain  a  certain 
portion  of  moisture  by  keeping  it  from  being  thinned  out  too  much.  At  this 
stage  the  barley  needs  to  be  turned  at  least  twice  a  day.  The  development  of 
the  barley  causes  small  white  sprouts  to  produce  roots  which  are  white  and 
shiny.  The  appearance  of  these  roots  are  a  good  indication  as  to  the  progress  of 
germination,  and  if  they  begin  to  fade  i'.  is  a  sign  that  they  lack  water  and  the 
barley  should  be  sprinkled.  When  the  roots  or  fibres  of  the  grains  are  about 
half  an  inch  long  the  germination  is  complete,  and  this  may  take  from  6  to  12  days. 

The  effects  of  germination  causes  the  barley  to  become  sweeter ;  destroys  the 
gluten;  and  liberates  the  starch.  This  change  is  particularly  favorable  to  mash- 
ing and  leaves  the  starch  free  to  be  acted  upon  by  the  yeast  used  in  fermentation 
me  best  time  of  the  year  favorable  to  malting  is  the  spring,  and  when  it  is  neces- 
s.;ry  to  store  malt  for  future  use,  it  must  be  thoroughly  dried. 

The  drying  may  be  accomplished  by  the  air  in  a  warm,  dry  room  in  hot 
weather  by  spreading  it  in  a  thin  even  layer  and  frequently  turning  it  In 
colder  weather,  however,  it  is  necessary  to  place  it  in  a  drying  kiln.  In  this 
method  the  gram  is  spread  out  in  a  layer  of  8  inches  to  one  foot  on  the  drying 
o«I'  "fV  fire  maintained  beneath  the  floor  so  that  the  drying  room  is  about 
»5  F.  at  the  beginmng.  From  this  temperature  the  heat  is  raised  very  gradually 
up  to  about  130''F.,  which  thoroughly  expels  all  the  moisture.  The  drying 
completes  the  process  and  the  barley  is  now  known  as  malt.  It  is  however 
advisable  to  screen  it  before  using  to  eliminate  the  roots. 

The  previous  description  is  intended  to  illustrate  the  malting  in  its  simplest 
manuCT,  and  in  the  practical  operation  of  large  distilleries,  the  steeping,  germinat- 
ing and  drying  is  carried  out  in  a  continuous  operation  by  mechanical  means 
FiguraUvely.  1,000  pounds  of  barley  will  yield  1,250  to  1,500  pounds  of  green  malt 
ab«»ut  900  pounds  of  air-dried  malt,  and  from  800  to  875  pounds  of  kiln-dried 
malt. 

CONSOLIDATION  OF  GARBAGE  INTO  SOLID  FUEL. 
In  the  preceding  pages  the  writer  has  endeavoured  to  show  that  waste  foods 
which  are  encountered  daily  from  domestic  life  are  of  great  value  in  the  recovery 
of  tnduslrxal  alcohol.     The  foods  referred  to  have  been  successfully  employed 
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in  the  manufacture  of  alcohol  for  use  in  distiUeries,  in  the  subsequent  manufac- 
ture  of  various  stimulating  liquors.  For  this  purpose  it  is  evident  that  cleanli- 
ness in  its  manufacture  is  one  of  the  most  important  items;  for  which  reason 
garbage  would  be  unsuitable.  The  time  is  drawing  near  when  alcohol  as  a 
stimulant  will  be  a  thing  of  the  past,  and  it  behoves  us  to  look  into  more  econ- 
omical  methods  of  obtaining  this  spirit  for  commercial  use  as  a  fuel. 

In  considering  domestic  garbage  as  a  source  of  raw  material,  it  would  first 
be  necessary  to  provide  mechanism  to  separate  and  tear  up  the  organic  matter 
from  solid  matter  associated  with  it.  before  the  organism  was  subjected  to  the 
action  of  grinding  machinery.  This  does  not  appear  to  be  a  very  difficult  mechan- 
ical feat,  and  the  writer  is  at  the  present  time  designing  such  mechanism. 

When  the  organic  matter  has  been  fermented  according  to  the  principles 
described  in  the  previous  pages,  there  is  a  residue  of  woody  fibre  which  can  be 
economically  consolidated  into  an  artificial  fuel.  This  fibre  would  invariably 
be  discharged  from  the  fermenting  tub  in  a  wet  state,  and  the  first  consideration 
is  to  remove  the  moisture  economically. 

The  amount  of  garbage  produced  is  not  nearly  as  large  as  the  amount  of 
sohd  fu'l  consumed,  so  that  its  consolidation  into  a  fuel  must  necessarily  be  in 
connection  witii  known  methods  of  coking  or  briqueting.  A  briquetting  process 
is  more  to  advantage  in  the  treatment  of  peat,  lignite,  or  waste  coal  in  the  vicinity 
of  production,  which  is  generally  in  isolated  districts.  The  domestic  garbage, 
however,  is  produced  in  the  cities  where  coke  is  also  produced  in  connection  with 
gas  manufacture,  and  the  coking  process  is.  therefore,  the  most  suitable  for  this 
mate.ial.  In  the  manufacture  of  coke,  the  coal  is  decomposed  and  caused  to 
take  i  new  form  which  bears  no  relation  to  the  original.  This  is  caused  by  the  in- 
fl—  >  ..f  some  natural  characteristic  of  the  coal,  which  has  been  attributed  to 
♦"  5f  a  compound  known  as  "carbene".  Cs,Hi«0,. 

■nanufacture  of  both  coal  and  carburetted  water  gas.  there  is  always 
-of  hydrocarbons,  which  come  down  to  a  liquid  when  the  temperature 
it  .,  .  ;d  to  that  of  commercial  distribution.  This  matter  comes  under  the 
general  heading  of  "Tars,"  and  is  at  the  present  time  either  burnt  as  fuel  under 
steam  boilers  or  shipped  to  refining  concerns.  These  tars  are  very  rich  in  heat- 
giving  elements,  and  many  engineers  regard  their  use  as  fuel  under  steam  boilers 
as  unsatisfactory  owing  to  their  intense  heat  being  destructive  to  boiler  setting. 
These  tars  form  an  excellent  binding  material  and  have  a  tendency  to  promote 
coking,  and  by  mixing  1  per  cent,  with  garbage  by  a  suitable  spraying  system, 
its  adhesion  is  considerably  increased. 

Assuming  that  there  are  10  pounds  of  garbage  made  to  100  pounds  of  solid 
fuel  consumed,  and  that  this  is  consolidated  into  a  fuel  by  mixing  with  90  per 
cent,  of  bituminous  or  coking  coal,  it  is  apparant  that  a  considerable  saving  can 
be  effecied .  and  simultaneously  obtain  a  fuel  which  is  practically  carbon.  Briefly, 
a  process  designed  to  use  this  matter  would  in  the  writer's  opinion  consist  of: 

(1)  Some  economical  means  of  evaporating  the  moisture. 

(2)  Spraying  an  adhesive  substance,  such  as  gas  tar,  whilst  the  garbage 

was  being  moved  on  conveying  machinery. 
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(3)  Mixing  the  matter  urith  90  per  cent,  of  coking  coal. 

(4)  Carbonizing  in  a  retort  or  oven  according  to  known  methods. 

The  first  reference,  "Some  economical  means  of  evapL-rating  the  moisture." 
requires  a  little  consideraticm,  and  the  second  and  third  references  are  purely 
mechanical  operations. 

In  the  manufacture  of  water-gas,  the  reaction  consists  of  heating  a  bed  of 
carbon  containing  matter  to  incandescence  by  an  air  blast,  at  a  pressure  which 
may  vary  from  ten  inches  of  water  to  three  pounds.  The  oxygen  of  the  air  com- 
bmes  with  the  carbon  of  the  fuel  to  form  carbon  dioxide  with  a  total  evolution  of 
heat  of  14.500  B.Th.U.  per  pound  of  carbon.  This  raises  the  carbon  to  incan- 
descence, and  on  cutting  off  the  air  blast  and  passing  steam  through,  water-gas 
is  generated  according  to  the  reaction: 

C-|-H,0-CO-|-Hfc 

This  process  consists,  briefly,  of  an  air-Masting  peiiod  and  gas-making  period, 
wh  ch  takes  place  alternately.  In  the  air-olasting  period  the  total  evolution  of 
heat  cannot  be  caused  to  take  place  directly  within  the  apparatus  owing  to  the 
comparatively  high  blast  pressures  which  are  necessary  to  raise  the  carbon  to 
incandescence  for  the  water-gas  reaction,  and  a  large  amount  of  sensible  heat  i' 
driven  up  the  stack.  This  heat  could  undoubtedly  be  employed  for  the  drying 
of  garbage  by  the  addition  of  a  speci!>J  chamber. 

Water  gas  is  used  as  a  base  for  oil  gas  in  the  enrichment  of  gases  obtained 
from  the  carbonization  of  coal,  or  manufacture  of  coke,  and  is  used  by  nearly  all 
manufacturing  gas  companies.  These  apparatus  are  employed  in  cities  from  5,000 
population  upwards,  where  there  is  also  an  accumulation  of  garbage,  and  it  is 
evident  that  they  could  be  advantageously  employed  for  the  drying  of  such  matter 
with  no  extra  fuel  expenditure.  The  water  gas  process  is  described  fuUy  in  a 
work,  "Elements  of  Water  Gas,"  by  the  same  author,  a  second  edition  of  which 
is  now  in  preparation. 
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